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SUMMARY
S e v e r a l  s y n t h e t i c  r o u t e s  t o w a r d s  3 - a r y l - 7 , 8 -  
d i m e t h o x y i s o q u i n o l i n e s  were i n v e s t i g a t e d  t o  p r o v i d e  
i n t e r m e d i a t e s  f o r  b e r b i n e s  and  b e n z o - [ c Q - p h e n a n t h r i d i n e s *
A f a c i l e  s y n t h e s i s  o f  3 - a r y l - 7 , 8 - d i o x y g e n a t e d  i s o c o u r a a r i n s  
was o b t a i n e d  by c o n v e r s i o n s  t o  i s o q u i n o l i n e  d e r i v a t i v e s  were 
u n s u c c e s s f u l .  A n o v e l  r o u t e  t o  a n  o C - b e n z y l a m i n o p h e n y l -  
a c e t a l d e h y d e  d i m e t h y l  a c e t a l  was a c c o m p l i s h e d ,  w i t h  
s u b s e q u e n t  r i n g  c l o s u r e  t o  a  3 - a r y l - 7 , 8 - d i m e t h o x y i s o q u i n o l i n e .
The p r e p a r a t i o n  o f  d i s s y m m e t r i c a l l y  s u b s t i t u t e d  d e s o x y -  
b e n z o i n s  was b r i e f l y  i n v e s t i g a t e d  a n d ,  t h r o u g h  t h e  i n t e r m e d i a t e  
c o n v e r s i o n  o f  a  d e s o x y b e n z o i n  t o  a  3 - a r y l - 8 - h y d r o x y - 7 - m e t h o x y -  
i s o q u i n o l i n e , t h e  a l k a l o i d  B e r b e r a s t i n e  was s y n t h e s i z e d .
INTRODUCTION
A m a jo r  p r o b le m  i n  t h e  s y n t h e s i s  o f  i s o q u i n o l i n e s ,  
p a r t i c u l a r l y  i s o q u i n o l i n e  a l k a l o i d s ,  i s  t h e  p r e p a r a t i o n  
o f  7 , 8 - d i o x y g e n a t e d  d e r i v a t i v e s .  These  i n v e s t i g a t i o n s  
were c o n c e r n e d  w i t h  t h e  s y n t h e s e s  o f  3 - ( 3 , 4 - m e t h y l e n e -  
d i o x y p h e n y l ) - 7 , 8 - d i m e t h o x y i s o q u i n o l i n e s  ( 1 )  and  t h e  
a p p l i c a t i o n  o f  s u c h  compounds a s  i n t e r m e d i a t e s  t o w a r d s  







By t h e  a d d i t i o n  o f  a  t w o - c a r b o n  b r i d g e  f rom C-4  t o  
t h e  3 - a r y l  g r o u p  ( 2 ) ,  t h e  d e r i v a t i o n  o f  b e n z o - [ c ] -  
p h e n a n t h r i d i n e s ^ $^ $314 e v i d e n t .  S i m i l a r l y ,  by t h e  a d d i t i o n
3 .
o f  a  t w o - c a r b o n  b r i d g e  f rom n i t r o g e n  t o  t h e  3 - a r y l  g r o u p  (3 )»  
t h e  b e r b i n e  s k e l e t o n  may be o b t a i n e d .
The p r i n c i p l e  t a r g e t  o f  s y n t h e s i s  was t h e  a l k a l o i d  
B e r b e r a s t i n e ^  ( 4 ) ,  one o f  o n l y  t h r e e  known b e r b i n e s  ^ 
w i t h  an  h y d r o x y l  g r o u p  a t  C - 5 .
3 - A r y l i s o q u i n o l i n e s
V a r i o u s  new s y n t h e s e s  o f  3 - a r y l i s o q u i n o l i n e s  have  b e e n
r e p o r t e d  s i n c e  t h i s  t o p i c  was e a r l i e r  r e v i e w e d ^  by t h e  a u t h o r .
7 8From i n v e s t i g a t i o n s  ’ by H a u s e r  e t  a l  i n t o  o r t h o - l i t h i a t i o n  
o f  a r o m a t i c  c a r b o x a m i d e s ,  i t  a p p e a r e d  t h a t  a  u s e f u l  s y n t h e t i c  
r o u t e  t o  3 - a r y l - 3 , 4 - d i h y d r o i s o c a r b o s t y r i l s  had  b e e n  d e v e l o p e d  
(Scheme I ) .  L i t h i a t i o n  o f  a  2 - m e t h y l b e n z a m i d e  ( 5 ;  R= Ph) ,  and  
r e a c t i o n  o f  t h e  2 - l i t h i o m e t h y l  d e r i v a t i v e  ( 6 ;  R=Ph) w i t h
n
b e n z a l d e h y d e  gave  a n  h y d r o x y - a m i d e  ( 7 ;  R= Ph) .  A c id  p r o m o t e d
c y c l i z a t i o n  was r e p o r t e d  t o  a f f o r d  a  3 - a r y l - 3 , 4 - d i h y d r o -
i s o c a r b o s t y r i l  ( 8 ;  R=Ph) .  Doubt r e g a r d i n g  t h e  g e n e r a l i t y  o f
t h i s  c y c l i z a t i o n ,  an d  p o s s i b l y  t h e  i d e n t i t y  o f  ( 8 ;  R = P h ) , was
r a i s e d  by t h e  o b s e r v a t i o n s  r e p o r t e d  by B a i l e y  and  D e G r a z i a . ^ ’^^
U s i n g  a s i m i l a r  h y d r o x y - a m i d e  ( 7 ;  R=CH^), a c i d  p r o m o te d
c y c l i z a t i o n  a f f o r d e d  t h e  1 - m e t h y l i m i n o i s o c h r o m a n  (9 )  w h ic h  was
r e a d i l y  h y d r o l y s e d  t o  t h e  3 , 4 - d i h y d r ô i s o c o u m a r i n  ( 1 0 ) .
P r e s u m a b l y  t h e  c o u r s e  o f  c y c l i z a t i o n  d e p e n d s  on t h e  r e l a t i v e
n u c l e o p h i l i c i t i e s  o f  t h e  n i t r o g e n  and  oxygen  f u n c t i o n s  i n  t h e
amide  g r o u p ,  and  t h e  c y c l i z a t i o n  by oxygen  t o  ( 9 )  c o m p a re s
11 12w i t h  t h e  p r e f e r e n t i a l ,  b u t  n o t  e x c l u s i v e ,  ’ 0 - a l k y l a t i o n  
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A d a p t a t i o n s  o f  t h e  H a u s e r  o r t h o - l i t h i a t i o n  have  b e e n
r e p o r t e d .  T r e a t m e n t  o f  2 - m e t h y l b e n z o n i t r i l e  ( 1 1 )  w i t h  b a s e ^ ^
an d  a  m e t h y l b e n z o a t e  gave  a  d e s o x y b e n z o i n  ( 1 3 ;  A r= p h en y l  o r
4 - m e t h o x y p h e n y l ) .  P r o t e c t i o n  o f  t h e  k e t o n e  a s  a  k e t a l  ( 1 5 ) i
r e d u c t i o n  o f  t h e  n i t r i l e  t o  a n  amine ( l 6 )  and  s u b s e q u e n t
c y c l i z a t i o n  and  o x i d a t i o n  t h e n  a f f o r d e d  a  3 - a r y l i s o q u i n o l i n e
( l 4 ;  R=H, A r= p h en y l  o r  4 - m e t h o x y p h e n y l ) .  R e a c t i o n  o f  (1 1 )
l 4w i t h  b a s e  an d  an  a r o m a t i c  n i t r i l e  was r e p o r t e d  t o  g i v e  a
3 - a r y l i s o q u i n o l i n e  (RzNH^) d i r e c t l y .
R e i s s e r t  c o m p o u n d s ^ ^ s u c h  a s  ( 1 7 )  c a n  r e a d i l y  be
o b t a i n e d  f rom a r o m a t i c  i s o q u i n o l i n e s  and  a n  i n t e r e s t i n g
r e a r r a n g e m e n t  o f  ( 1 ? )  t o  3 - a r y l i s o q u i n o l i n e s  ( 1 9 ;  R=H o r
17CHO) h a s  b e e n  d e m o n s t r a t e d  by K i r b y  e t  a l . Compound (1 7 )  
was o x i d i z e d  t o  ( l 8 )  by h y p o c h l o r i t e s  and  t h i s  
i n t e r m e d i a t e  was r e a r r a n g e d  by a q u e o u s  o r  a l c o h o l i c  b a s e s  
t o  (2 0 )  o r  ( 1 9 )  r e s p e c t i v e l y ,  w h e re a s  r e a c t i o n  w i t h  
t r i e t h y l a m i n e  a f f o r d e d  ( 2 1 ) .  I t  would  a p p e a r  t h a t  t h e  
g e n e r a l  u s e f u l n e s s  o f  t h i s  t y p e  o f  r e a c t i o n  s e q u e n c e  would  
d epend  on t h e  s u s c e p t i b i l i t y  o f  a l k o x y l - s u b s t i t u t e d  a r y l  
g r o u p s  t o  o x i d a t i o n  by r e a g e n t s  n e c e s s a r y  t o  p r o d u c e  ( l 8 )  
(Scheme I I ) .
The e f f i c i e n c y  o f  c y c l i z a t i o n  o f  m e th y l  ( - )  3 - a r a in o -
2 , 3 - d i a r y l p r o p i o n a t e s  t o  t e t r a h y d r o i s o q u i n o l i n e s  by t h e  
P i c t e t - S p e n g l e r  m e thod  h a s  b e e n  r e p o r t e d ^ ^ t o  show a  
marked  de p e n d e n c e  on i n i t i a l  s t e r e o c h e m i s t r y .  The e r y t h r o  
compounds ( 2 2 ;  A r= p h e n y l  o r  3 , 4 - m e t h y l e n e d i o x y p h e n y l ) 
r e a d i l y  a f f o r d e d  t h e  t r a n s  i s o q u i n o l i n e s  ( 2 3 ) w h e re a s  t h e  




























( 2 5 ) i n  o n l y  p o o r  y i e l d s ,  a l o n g  w i t h  some t r a n s  i s o q u i n o l i n e s  
( 2 3 ) .  F a c i l e  p r o d u c t i o n  o f  t h e  c i s  compounds ( 2 5 )  was 
p r e s u m a b l y  p r e v e n t e d  by t h e  n e e d  t o  a d o p t  t h e  e c l i p s e d  
c o n f o r m a t i o n  p r i o r  t o  c y c l i z a t i o n .  D e s p i t e  s u c h  p r o b l e m s ,  
t h e  e a s e  o f  a c c e s s  t o  4 - c a r h o m e t h o x y - 5 - a r y l i s o q u i n o l i n e s  i s  
o f  c o n s i d e r a b l e  i n t e r e s t  a s  a  p o t e n t i a l  r o u t e  t o  benzo-[c]«T 
p h e n a n t h r i d i n e s .  An oxygen  a n a l o g u e  o f  a  b e n z o - [ c ] -  
p h e n a n t h r i d i n e  h a s  been  o b t a i n e d ^ ^  from a  r e l a t e d  i s o c o u m a r i n  
by c o n v e r s i o n  o f  a  4 - c a r b o x y l  g r o u p  t o  a  4 - c h l o r o a c e t y l  g ro u p  
and  s u b s e q u e n t  r i n g  c l o s u r e .  Though a n n é l a t i o n  o f  s u c h  a
4 - c a r b o x y i s o q u i n o l i n e  t o  an  1 1 - o x y g e n a t e d  b e n z o -  c -  
p h e n a n t h r i d i n e  seems f e a s i b l e ,  f u r t h e r  m o d i f i c a t i o n  t o  p r o d u c e  
a  7 , 8 - d i o x y g e n a t e d  p r e c u r s o r ,  r a t h e r  t h a n  t h e  r e p o r t e d  6 , 7 -  
d i o x y g e n a t e d  compounds ( 2 3 ) an d  ( 2 5 ) ,  wou ld  be d e s i r a b l e .
T h e r m o l y s i s  o f  b e n z o c y c l o b u t a n e s  g i v e s  r i s e  t o  t h e  h i g h l y  
r e a c t i v e  £ - q u i n o n e  d i m e t h i d e  s p e c i e s  which  may be t r a p p e d  by
21 22  23a  v a r i e t y  ’ ’ o f  r e a g e n t s  ( v i d e  i n f r a ) .  I n t r a m o l e c u l a r
t r a p p i n g  ( 2 8 ) t o  form a  3 - a r y l i s o c h r o m e n  ( 2 9 ) h a s  b e e n  
24a c c o m p l i s h e d  by t h e r m o l y s i s  o f  a  3 - b e n z o y l b e n z o -  1 , 2  -
c y c l o b u t a n e  ( 2 7 ) .  A r e a c t i v e  s p e c i e s  s i m i l a r  t o  ( 2 8 )  was
p r o d u c e d ^ ^  by b a s e  p ro m o te d  e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e
from 2 - c y a n o m e t h y l b e n z o y l  c h l o r i d e  ( 3 0 ) t o  a f f o r d  (3 1 )»  w hich
d i m e r i z e d  t o  3 - ( 2 - c y a n o m e t h y l p h e n y l ) - 4 - c y a n o i s o c o u m a r i n  ( 3 2 ) .
T h e r m o l y t i c  r i n g  c l o s u r e  o f  <X - p h e n y l s t y r y l i s o c y a n a t e
2 ^
( 3 3 ;  R=H) h a s  b e e n  r e p o r t e d  t o  g i v e  3 - p h e n y l i s o c a r b o s t y r y l  
( 3 4 ;  R=H).  I n  v iew  o f  t h e  s u c c e s s  o f  s i m i l a r  a n n é l a t i o n s  t o
27r i n g  s y s t e m s  b e a r i n g  e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t s  t h i s





























s y s t e m s  b e a r i n g  a n  o r t h o  b l o c k i n g  g roup  s u c h  a s  ( 3 3 ;  R=Br 
e t c . ) .  I s o c y a n a t e s  o f  t y p e  ( 3 3 )  a r e  r e a d i l y  o b t a i n e d  by 
c o n d e n s a t i o n  o f  a  b e n z a l d e h y d e  w i t h  a  p h e n y l a c e t i c  a c i d  t o
28a f f o r d  an  - a r y l c i n n a m i c  a c i d ,  and  s u b s e q u e n t  s y n t h e s i s  
o f  t h e  i s o c y a n a t e  g r o u p  t h r o u g h  a n  a c y l  a z i d e .
3 - H y d r o x y b e r b i n e s
The o n l y  p r e v i o u s  s y n t h e s e s  o f  3 - h y d r o x y b e r b i n e s  ( 3 6 ) 
have  b e e n  by Dyke,  H a rd y ,  e t  a l , by t h e  c y c l i z a t i o n ^ ^  
o f  3 - a r y l - l , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l - 2 - y l  a c e t a l d e h y d e s  
( 3 3 ;  R^=H o r  CH^O, R^=R^=CH^ o r  R^+ R^=CH^). Two m e thods  
were u s e d  t o  o b t a i n  t h e  key  compound ( 3 5 ) •  R e a c t i o n  o f ,  f o r  
e x a m p le ,  6 , 7 , 3 ' , 4 * - t e t r a m e t h o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o -  
i s o q u i n o l i n e ^ ' ^ ^ ' ^ ^  ( 3 7 ;  R^=R^=R^=CH^) w i t h  g l y c i d o l  
a f f o r d e d ^ ^ ’ ^^  t h e  d i o l  ( 3 8 ) ,  c l e a v a g e  o f  w h ic h  w i t h  sod ium  
p e r i o d a t e  gave t h e  a l d e h y d e  (3 5 ;  R^=OCH^, R^=R^=CH^). 
A l t e r n a t i v e l y ,  a r y l a t i o n  o f  t h e  - d i k e t o n e  ( 4 0 ;  R^=R^=CH^ 
o r  R^+ R2=CH^) w i t h  2 - i o d o b e n z o i c  a c i d  a f f o r d e d ^ ^ ’ ^ ^ ’ ^^  t h e  
i s o c o u m a r i n  ( 4 l )  w h ich  r e a d i l y  c o n d e n s e d  w i t h  a m i n a c e t a l  t o  
g i v e  t h e  i s o c a r b o s t y r i l  ( 4 2 ) ,  r e d u c t i o n  o f  w h ic h  t h e n  gave  
t h e  n e c e s s a r y  N - a c e t a l d e h y d e  d i m e t h y l  a c e t a l  ( 4 3 ) .  A l t h o u g h  
d e h y d r o g e n a t i o n  o f  s i m p l e  4 - h y d r o x y - l , 2 , 3 , 4 - t e t r a h y d r o -  
i s o q u i n o l i n e s  g i v e s  f u l l y  a r o m a t i c  i s o q u i n o l i n e s ,  
d e h y d r o g e n a t i o n  o f  compounds o f  t y p e  ( 3 6 ) w i t h  e t h a n o l i c  
i o d i n e  b u f f e r e d  w i t h  sodium a c e t a t e  a f f o r d e d  o n l y  t h e  
b e r b e r a s t i n e  a n a l o g u e s  o f  t y p e  ( 4 4 )  and  n o t  t h e  h e x a d e h y d r o -  
b e r b i n e s  o f  t y p e  ( 4 5 ) .  A c id  p r o m o te d  c y c l i z a t i o n  o f  t h e  i s o -  
c a r b o s t y r i l - a c e t a l  ( 4 2 )  gave  o n l y  t h e  c y c l i z e d  an d  d e h y d r a t e d
10 .












p r o d u c t ,  ( 4 6 ) .
I t  was t h u s  e v i d e n t  t h a t  a  s y n t h e s i s  o f  B e r b e r a s t i n e  
m i g h t  be a c c o m p l i s h e d  by s u c h  a  m e thod ,  p r o v i d e d  t h a t  a  
r o u t e  t o  t h e  7 , 8 - d i m e t h o x y  a n a l o g u e ,  e g .  ( 4 ? ) ,  o f  (35 )»  o r  
( 4 3 ) ,  c o u l d  be a c h i e v e d .
B e r b i n e s
R in g  c l o s u r e  o f  1 - b e n z y l i s o q u i n o l i n e s  u n d e r  " p h y s i o l o g i c a l  
c o n d i t i o n s "  h a s  b e e n  t h e  s u b j e c t  o f  v a r i o u s
i n v e s t i g a t i o n s ^ ^ $35 13 ^ , 3 7 , 3 8 , 3 9 , 40 most  u s e f u l  r e s u l t s .
F o r  e x a m p le ,  r e a c t i o n  o f  n o r r e t i c u l i n e  and  f o r m a l d e h y d e  a t  
pH 6 . 3  g a v e ^ ^  a m i x t u r e  o f  s c o u l e r i n e  (4 8 )  an d  c o r e x i m i n e
•zn
(4 9 )  i n  a  2 : 1  r a t i o ,  w h e r e a s  a  s i m i l a r  r e a c t i o n ,  c o n d u c t e d  
a t  u n s p e c i f i e d  pH, gave m o s t l y  c o r e x i m i n e  ( 4 9 ) .  ( " O l d "  
f o r m a l i n  s o l u t i o n s  have  b e e n  f o u n d  t o  be q u i t e  a c i d i c  so  t h e  
s y n t h e s i s  o f  c o r e x i m i n e  by K am e ta n i  e t  a l , s i n c e  t h e  pH was 
u n s p e c i f i e d ,  c o u l d  have  r e s u l t e d  f rom u s i n g  s u c h  " o l d "  
f o r m a l i n ) .  Such  c o n t r o l  o f  r e a c t i o n  c o u r s e  by pH was a l s o
7 Q
o b s e r v e d  i n  t h e  c y c l i z a t i o n  o f  ( 5 0 ) t o  t h e  k ik e ra a n in e  
p r e c u r s o r  ( 5 1 ) .  At pH 6 . 4 ,  o r t h o -  and  p a r a - c l o s u r e  o c c u r e d  
t o  a f f o r d  a  s e p a r a b l e  m i x t u r e  o f  ( 5 1 )  an d  ( 5 2 ) ,  b u t  i f  t h e  
h y d r o c h l o r i d e  s a l t  o f  ( 5 0 ) was u s e d ,  p r e s u m a b l y  r e s u l t i n g  i n  
a  more a c i d i c  r e a c t i o n  m e d ia ,  t h e n  o n l y  p a r a - c l o s u r e  ( 5 2 ) was 
o b s e r v e d .  The s y n t h e s i s  o f  k i k e m a n i n e  (5 3 )  was a c c o m p l i s h e d  
from ( 5 1 )  by m é t h y l a t i o n  t o  (5 4 ;  R=PhCH^), f o l l o w e d  by 
c l e a v a g e  o f  t h e  b e n z y l  e t h e r  t o  a f f o r d  ( 5 4 ;  R=OH). The 
s y n t h e s i s  o f  c a p a u r i m i n e ^ ^  ( 5 5 )  was a c c o m p l i s h e d ^ ^  i n  a  


































r o u t e  t o  9 - n i e t h o x y - l O - h y d r o x y b e r b i n e s *
An e x t r a p o l a t i o n  o f  p H - c o n t r o l l e d  r i n g  c l o s u r e s  t o  t h e
s y n t h e s i s  o f  3 - a r y l i s o q u i n o l i n e s , an d  s u b s e q u e n t l y  o f
Zf2
b e r b i n e s ,  h a s  b e e n  by B a t t e r s b y ,  i l l u s t r a t e d  by t h e  
s e q u e n c e  (5 6 )  t o  ( 5 8 ) .  C y c l i z a t i o n  o f  t h e  1 , 2 - d i a r y l -  
e t h y l a m i n e  ( 5 6 ) w i t h  a q u e o u s  e t h a n o l i c  f o r m a l d e h y d e  gave  a  
m i x t u r e  o f  i s o q u i n o l i n e s  ( 5 7 ; R^=OH) an d  ( 5 7 ; R^=OH,
2 ^ = ^ ) .  The co m p o n en ts  were  n o t  s e p a r a t e d  by c y c l i z e d  t o  a 
m i x t u r e  o f  5 - h y d r o x y b e r b i n e s  ( 5 8 ; R^=H, R^=R^=OH) and  
( 5 8 ; R2 =H, R^=R^=0H), and  t h e  h y d r o x y l  g r o u p  a t  C-5 was 
rem oved  by h y d r o g e n o l y s i s  t o  a f f o r d  a  s e p a r a b l e  m i x t u r e  o f  
( 5 8 ; R^=R^=H, RgzOH) an d  ( 5 8 ; R2 =R^=H, R^=OH). The r e m o v a l  
o f  t h e  a l c o h o l i c  g r o u p  was p r e s u m a b l y  f a c i l i t a t e d  by r e a d y  
f o r m a t i o n  o f  t h e  q u i none m e t h i d e  ( 5 9 ) .
A p a r t  from t h e  now e s t a b l i s h e d  method o f  p H - c o n t r o l l e d  
r i n g  c l o s u r e s  o r t h o  t o  a p h e n o l i c  g r o u p ,  one o b v i o u s  way i n  
w h ich  s p e c i f i c  o r t h o  r i n g  c l o s u r e  m ig h t  a l s o  be e f f e c t e d  i s  
by u s e  o f  a  b l o c k i n g  g roup  a t  t h e  p a r a  p o s i t i o n .  E a r l y
ifx /fZf Zf5
a t t e m p t s  a t  s u c h  r i n g  c l o s u r e s  met w i t h  f a i l u r e  ’ ’ t h o u g h .
43
F o r  e x a m p le ,  H aw or th  and  P e r k i n  a t t e m p t e d  t o  o b t a i n  1 2 -  
b ro m o c a n a d in e  ( 6 1 ) by t h e  a c t i o n  o f  f o r m a l d e h y d e  on t h e  
1 - b e n z y l i s o q u i n o l i n e  ( 6 0 ) b u t  t h e  p r o d u c t  was fo u n d  t o  be 
t h a t  d e r i v e d  f rom d i s p l a c e m e n t  o f  b r o m i n e ,  t e t r a h y d r o  
b e r b e r i n e  ( 6 2 ) .
T h a t  b rom ine  may s e r v e  s u c c e s s f u l l y  a s  a  b l o c k i n g  g r o u p
46was d e m o n s t r a t e d  by K am etan i  e t  a l  w i t h  t h e  s y n t h e s i s  o f
5 - b r o m o - 7 , 8 - d i m e t h o x y - 5 , 4 - d i h y d r o i s o c a r b o s t y r i l  ( 6 5 ) f rom 


























Use o f  p h e n o l i c  compounds r a t h e r  t h a n  m e t h y l  e t h e r s ,  a n d  u s i n g  
a  b ro m in e  g ro u p  t o  b l o c k  t h e  p a r a - p o s i t i o n ,  h a s  e n a b l e d  
r i n g  c l o s u r e s  t o  b e r b i n e s  t o  be c a r r i e d  o u t  w i t h  
f o r m a l d e h y d e , , 4 8  e x a m p le ,  n a n d a n i n e  ( 6 6 ;  R=H) h a s
b e e n  o b t a i n e d  from ( 6 5 ) by r i n g  c l o s u r e  w i t h  f o r m a l d e h y d e  t o  
( 6 6 ;  R=Br) an d  s u b s e q u e n t  h y d r o g e n o l y s i s  o f  t h e  b ro m in e  g r o u p .  
T h a t  a  f r e e  p h e n o l i c  g ro u p  mus t  be p r e s e n t  o r t h o  t o  t h e  s i t e  
o f  c l o s u r e ,  i n  s u c h  r e a c t i o n s  i n v o l v i n g  b l o c k i n g  g r o u p s ,  was
2fQ
i l l u s t r a t e d  by t h e  f a i l u r e  o f  t h e  a t t e m p t e d  c y c l i z a t i o n  o f
t h e  l - ( 2 ' - b r o m o - 4 ’ - h y d r o x y - 5 ' - m e t h o x y b e n z y l )  i s o q u i n o l i n e
( 6 7 ) t o  t h e  b e r b i n e  (6 8 )  on t r e a t m e n t  w i t h  f o r m a l d e h y d e .
The u s e  o f  an  amino g ro u p  a s  an  a i d  t o  d i f f i c u l t l y
a c c e s s i b l e  b e r b i n e s  h a s  r e c e i v e d  some a t t e n t i o n .  A s y n t h e s i s
50o f  0 - m e t h y l c a s e a d i n e  (6 9 ;  R=H) was a c c o m p l i s h e d  by 
c y c l i z a t i o n  o f  t h e  c a r b a m a t e  ( 7 0 )  t o  t h e  m i x t u r e  o f  1 - b e n z y l -  
i s o q u i n o l i n e s  ( 7 1 ;  R^=OCH^, R^=NHCO^Et), an d  ( 7 1 ;  R^=NHCO^Et, 
R^zOCH^). The d e s i r e d  b e r b i n e  was o b t a i n e d  i n  t h e  u s u a l  
m a n n e r ,  an d  t h e  p r o d u c t  ( 6 9 ; RsNH^) was d e a m i n a t e d  t o  ( 6 9 ; 
R=H).  The i n f l u e n c e  o f  an  amino g ro u p  on t h e  d i r e c t i o n  o f  t h e  
M annich  r e a c t i o n  t o  b e r b i n e s  h a s  a l s o  b e e n  r e p o r t e d  by 
I s h i w a t a  an d  H a k u r a , ^ ^  and  i t  was found  t h a t  t h e  1 - b e n z y l -  
i s o q u i n o l i n e  ( 7 2 ;  R^=R2=0CH^ o r  R^+ R^= -OCH^O-) gave  a  
m i x t u r e  o f  p r o d u c t s  d e r i v e d  f rom c y c l i z a t i o n  o r t h o  
( 7 3 ;  R^=NH^, R^=OCH^) and  p a r a  ( 7 3 ;  R^=OCH^, R^=NH^) t o  t h e  
amino g r o u p .  Such  compounds were  s u s c e p t i b l e  t o  b o t h  































B enzo - C o ] - p h e n a n t h r i d i n e s
A m a jo r  a c h i e v e m e n t  i n  t h i s  c l a s s  o f  a l k a l o i d s  h a s  b e e n
t h e  t o t a l  s y n t h e s i s  o f  d l - c h e l i d e n i n e  by O p p o l z e r  an d
52K e l l e r ,  t h e  r o u t e  u s e d  b e i n g  o u t l i n e d  o v e r l e a f .  T h i s  i s  
a l s o  t h e  o n l y  p r e p a r a t i o n  o f  a n  1 1 - o x y g e n a t e d  b e n z o -  c -
p h e n a n t h r i d i n e ,  a l t h o u g h  1 1 - c a r b o x y b e n z o -  c - p h e n a n t h r i d i n e s
53 54a r e  known. The i n t e r m e d i a t e s  s u c h  a s  t h e  b e n z o c y c l o -
b u t e n e  u r e t h a n e  ( 9 8 )  an d  t h e  6 - v i n y l b e n z y l b r o m i d e  ( 9 5 )  a r e
a c c e s s i b l e  by known m e t h o d s ^ ^ $ 5 6 ,5 7  t h e i r  p re s u m e d
s y n t h e t i c  r o u t e s  a r e  p r o v i d e d  f o r  c o n v e n i e n c e .  The k e y
s t e p  i n  t h i s  s y n t h e s i s  was t h e  t h e r m a l  r e a r r a n g e m e n t  o f  t h e
a c e t y l e n i c  b e n z o c y c l o b u t e n e  (1 0 1 )  t o  t h e  t e t r a h y d r o b e n z o - [ c ] -
p h e n a n t h r i d i n e  ( 1 0 2 ) .  T h i s  r e a c t i o n  was a n  e x t r a p o l a t i o n
o f  o t h e r  i n v e s t i g a t i o n s  by O p p o l z e r  t o w a r d s  i n t r a m o l e c u l a r
21 22 23c y c l i z a t i o n s  o f  o - q u i n o d i m e t h a n e s .  * ’ S i n c e  t h e  o l e f i n
i s  n o t  s i g n i f i c a n t l y  n o n - p l a n a r ,  t h e  c i s - a d d i t i o n  o f  d i b o r a n e  
c a n ,  a n d  d i d ,  o c c u r  f rom b o t h  s i d e s  o f  t h e  m o l e c u l e  r e s u l t i n g  
i n  a  1 : 1  m i x t u r e  o f  t h e  d e s i r e d  c i s  4 b -1 0 b  a l c o h o l  ( 1 0 3 ) an d  
t h e  u n d e s i r e d  t r a n s  4 b -1 0 b  a l c o h o l  ( 1 0 4 ) .  U n f o r t u n a t e l y  
p r o d u c t i o n  o f  t h e  c o r r e c t  g e o m e t ry  o f  t h e  r i n g  j u n c t i o n  
n e c e s s a r i l y  r e s u l t e d  i n  t h e  i n c o r r e c t  ' e q u a t o r i a l *  
s t e r e o c h e m i s t r y  o f  t h e  a l c o h o l .  J o n e s  o x i d a t i o n  o f  t h e  
a l c o h o l  ( 1 0 3 ) a f f o r d e d  t h e  k e t o n e  ( 1 0 5 ) an d  r e d u c t i o n  o f  t h e  
k e t o n e  w i t h  sod ium  b o r o h y d r i d e  o c c u r e d  f rom t h e  l e a s t  
h i n d e r e d  s i d e ,  s t e r e o s p e c i f i c a l l y .  I t  r e m a i n e d  o n l y  t o  
d e p r o t e c t  t h e  n i t r o g e n  g r o u p  by h y d r o g e n o l y s i s  o f  t h e  
b e n z y l o x y c a r b o n y l  g r o u p  t o  o b t a i n  d l - n o r c h e l i d % n i n e , ( 1 0 7 )  
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Compounds r e s e m b l i n g  t h e  o l e f i n  ( 1 0 2 ) ,  s u c h  a s  (1 1 5 )♦  h a v e
c O
b e e n  o b t a i n e d  by D i e l s - A l d e r  r e a c t i o n s  w i t h  2 - m e t h y l - 4 -  
v i n y l - 1 , 2 - d i h y d r o i s o q u i n o l i n e s  ( 1 0 9 ) and  d i e n o p h i l e s  s u c h  a s
1 , 4 - b e n z o q u i n o n e  (1 1 0 )  b u t  d i f f i c u l t i e s  w i t h  v e r y  r e a d y  
a c i d  o x i d a t i o n  o f  s u c h  compounds were  e x p e r i e n c e d  and  
i n t r o d u c t i o n  o f  a  0 - 1 1  h y d r o x y l  g ro u p  was u n s u c c e s s f u l .
D i e n e s  o f  t y p e  (1 0 9 )  were  o b t a i n e d  by V i l s m e i e r  f o r m y l a t i o n  
o f  4 - h y d r o x y - 2 - m e t h y l - 1 , 2 , 5 , 4 - t e t r a h y d r o i s o q u i n o l i n e s  ( 1 1 2 ) ,  
p r e s u m a b l y  t h o u g h  a  1 , 2 - d i h y d r o i s o q u i n o l i n e  ( 1 1 3 )» t o  o b t a i n  
a  4 - f o r m y l - l , 2 - d i h y d r o i s o q u i n o l i n e  ( l l 4 ;  ZsH^)» t h e  l a t t e r  
b e i n g  r e a d i l y  o x i d i z e d  t o  an  i s o c a r b o s t y r i l  ( l l 4 ;  2 = 0 ) .  The 
f o r m y l  g r o u p  i s  p a r t  o f  a  v i n o l o g o u s  am ide  a n d  h a s  no a l d e h y d i c  
c h a r a c t e r ,  w h e r e a s  i n  t h e  o x i d i z e d  c o m p o u n d , ( l l 4 ;  2 = 0 ) ,  t h e  
f o r m y l  g ro u p  r e a d i l y  r e a c t e d  w i t h  m é thy lm agnés ium  i o d i d e  t o  
a f f o r d  t h e  a l c o h o l  ( 1 1 5 )  w h ic h ,  when t h e r m a l l y  d e h y d r a t e d  i n
C O
t h e  p r e s e n c e  o f  a  d i e n o p h i l e ,  a f f o r d e d  p h e n a n d r i d o n e s  o r
b e n z o - f c ] - p h e n a n t h r i d i n e s .
A l t h o u g h  t h e r e  hav e  b e e n  few s i g n i f i c a n t  i n v e s t i g a t i o n s
i n t o  t h e  s y n t h e s e s  o f  b e n z o - [ c ] - p h e n a n t h r i d i n e s  s i n c e  t h e
s u b j e c t  was l a s t  r e v i e w e d  by t h e  a u t h o r , ^  t h e r e  have  b e e n  some
s u r p r i s e s  r e g a r d i n g  t h e  s t r u c t u r e s  o f  r e c e n t l y  i s o l a t e d
b e n z o - f c ] - p h e n a n t h r i d i n e s .  One s t r u c t u r a l  c l a i m  t h a t  was
59b i o s y n t h e t i c a l l y  d i s c o n c e r t i n g  was t h a t  f o r  b o c c o n i n e  a s  
( l l 6 ) ,  b u t  S l a v i k  a n d  S a n t a v y  hav e  shown^^ t h a t  b o c c o n i n e  
c h l o r i d e  i s  i d e n t i c a l  t o  c h e l i r u b i n e  c h l o r i d e ,  an d  t h e  
b i o s y n t h e t i c a l l y  r e a s o n a b l e  s t r u c t u r e  (1 1 7 )  h a s  been  





























Two i s o m e r s  o f  c o r y n o l i n e  an d  a c e t y l c o r y n o l i n e  have
62r e c e n t l y  b e e n  i s o l a t e d ,  w here  t h e  B/C r i n g  j u n c t i o n  h a s  
b e e n  f o u n d  t o  be t r a n s - fu s e d #  T hese  compounds ,  i s o c o r y n o l i n e  
( 1 1 8 ; R=H) an d  a c e t y l i s o c o r y n o l i n e  ( I I 8 ; R=OAc) a r e  t h e  o n l y  
known e x a m p le s  o f  s u c h  t r a n s - f u s e d  h e x a h y d r o b e n z o - [ c ] -  
p h e n a n t h r i d i n e s .
Two a c e t o n y l  d i m e r s ^ ^ ’ ^^  o f  b o t h  c h e l e r y t h r i n e  ( 1 1 9 ;
=OCH^) a n d  S a n g u i n a r i n e  ( 1 1 9 ;  + RgsOCH^O) $ t h e  l a t t e r  named
c h e l i d i m e r i n e , ^ ^ ’ ^^  a r e  known a n d  b o t h  have  b e e n  s y n t h e s i z e d  
f rom t h e  c o r r e s p o n d i n g  monomeric b e n z o - [ c ^ - p h e n a n t h r i d i n e s  
and  a c e t o n e d i c a r b o x y l i c  a c i d .  T h i s  me thod  o f  l i n k i n g  two
3 , 4 - d i h y d r o i s o q u i n o l i n e s  t h r o u g h  an  a c e t o n y l  b r i d g e  i s  s i m i l a r  
t o  t h a t  u s e d  i n  a  s y n t h e s i s  o f  e m e t i n e . T h e  e x i s t e n c e  o f  
c h e l i d i m e r i n e  i n  b o t h  meso and  (+ )  fo rm s  a l s o  w a r r a n t s  
c o m p a r i s o n  w i t h  t h e  e m e t i n e  p r e c u r s o r  ( 1 2 0 ) .
F u r t h e r  v a r i a t i o n s  o f  t h e  known p h o t o c h e m i c a l  c o n v e r s i o n  
o f  a n h y d r o p r o t o p i n e  ( 1 2 1 ) t o  s a n g u i n a r i n e  ( 1 2 2 ) have  b e e n  
r e p o r t e d .  From a n  a t t e m p t e d  O p p en au e r  o x i d a t i o n  o f  ( - )  
o p h i o c a r p i n e  ( 1 2 3 ) t h e  3 - (6 *  - v i n y l a r y l ) - 4 - h y d r o x y i s o q u i n o l i n e  
( 1 2 4 ;  R=H) was o b t a i n e d , a n d  t h e  c o r r e s p o n d i n g  m e t h y l  e t h e r  
( 1 2 4 ;  R=CH^) was c y c l i z e d  p h o t o c h e m i c a l l y  t o  N - n o r c h e l e r y t h r i n e  
( 1 2 5 ) .  The c o n v e r s i o n  o f  n a r c o t i n e  (1 2 6 )  t h r o u g h  r e d u c t i o n  
t o  t h e  a l c o h o l  ( 1 2 ? ) » c y c l i z a t i o n  t o  t h e  b e r b i n e  ( 1 2 8 ) ,  
d e h y d r a t i o n  ( 1 2 9 ) an d  t r e a t m e n t  w i t h  b a s e  gave  a n  a n a l o g u e  
( 1 3 0 ) o f  a n h y d r o p r o t o p i n e  w h ich  was s i m i l a r l y  c y c l i z e d  
p h o t o c h e m i c a l l y  t o  t h e  b e n z o -  c - p h e n a n t h r i d i n e  ( 13 I ) .  The 
o x y g e n a t i o n  p a t t e r n  o f  r i n g  D i s  t h e  same a s  wou ld  r e s u l t  
i f  c a p a u r i m i n e  ( 5 5 )  were  a  b i o s y n t h e t i c  p r e c u r s o r  o f  a  
b e n z o - [ c ] - p h e n a n t h r i d i n e .
23.
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An e x c e l l e n t  book on t h e  i s o q u i n o l i n e  a l k a l o i d s  by
69Shamma h a s  r e c e n t l y  become a v a i l a b l e ,  and  i n c l u d e s  r e v i e w s  




The a c c e p t e d  i n t e r - r e l a t i o n s h i p s  o f  t h e  v a r i o u s  a l k a l o i d s  
d e r i v e d  from 1 - b e n z y l i s o q u i n o l i n e s  i s  shown i n  Scheme ( V I ) .
1 - B e n z y l i s o q u i n o l i n e s
The g e n e r a l  me thod  o f  i n v e s t i g a t i n g  b i o s y n t h e t i c  p a t h w a y s
h a s  b e e n  by ' f e e d i n g '  p l a n t s  w i t h  r a d i o a c t i v e l y  l a b e l l e d
compounds and  s u b s e q u e n t  e x a m i n a t i o n  o f  t h e  i s o l a t e d  a l k a l o i d s
70t o  d e t e r m i n e  t h e  d e g r e e  o f  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y .
I n  a d d i t i o n ,  d e g r a d a t i o n  o f  a n  a l k a l o i d ,  w i t h  m o n i t o r i n g  o f  t h e
r a d i o a c t i v i t y ,  e n a b l e s  t h e  s i t e  o f  l a b e l l i n g  t o  be d e t e r m i n e d .
Thus when t y r o s i n e  (2 -^ ^ C )  (1 3 2 )  was f e d  t o  P a p a v e r  s o m n i f e ru m  L , 
71i t  was fo u n d  t h a t  t h e  s u b s e q u e n t l y  i s o l a t e d  p a p a v e r i n e  ( l 4 3 )
was r a d i o a c t i v e  a n d ,  by d e g r a d a t i o n  s t u d i e s ,  i t  was a l s o  fo u n d
t h a t  l a b e l l i n g  h a d  o c c u r e d  a t  C-1 and  C - 3 ,  a p p r o x i m a t e l y  e q u a l l y .
N - N o r l a u d a n o s o l i n e  (3 -^ ^ C )  (1 3 3 )  h a s  b e e n  shown^^ t o  be an
e f f e c t i v e  p r e c u r s o r  o f  r e t i c u l i n e  ( l 4 0 )  an d  p a p a v e r i n e  ( l 4 3 )
i n  P a p a v e r  s o m n i f e r u m .
The two a r o m a t i c  u n i t s  t h a t  o r i g i n a t e  f rom t y r o s i n e  t o  a f f o r d
73 741 - b e n z y l i s o q u i n o l i n e 8 a r e  n o t  i d e n t i c a l .  ’ Thus dopam ine 
( 1 -^ ^ C )  (1 3 3 )  g a v e ^ ^  h y d r a s t i n e  ( l 4 6 )  l a b e l l e d  o n l y  a t  C - 3 .
S i n c e  h y d r a s t i n e  ( l 4 6 )  i s  d e r i v e d  from a  b e r b i n e ,  w h ich  i s  i n  
t u r n  d e r i v e d  f rom a  1 - b e n z y l i s o q u i n o l i n e  ( v i d e  i n f r a ) ,  t h e n  a  
more d e t a i l e d  s e q u e n c e  b e g i n s  t o  e m e rg e .  B rochm ann-H a nssen  
e t  a l  have  p r o p o s e d ^ ^  a  b i o s y n t h e t i c  scheme ( V I I )  f o r  t h e  
1 - b e n z y l i s o q u i n o l i n e s  i n  P a p a v e r  som n i fe ru m  w here  t h e  k e y  
i n t e r m e d i a t e  i s  N - n o r r e t i c u l i n e  ( 1 3 9 ) .
27.
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P r o t o b e r b e r i n e s
77T y r o s i n e  ( 2 -  C) (132 )  h a s  b e e n  i n c o r p o r a t e d  i n t o  
b e r b e r i n e  ( 1 3 1 ) ,  b e i n g  l a b e l l e d  a t  C-6 a n d  C-13* w h e r e a s
78  /dopamine (133) gave rise to berberine labelled only at C-6j
u s i n g  H y d r a s t i s  c a n a d e n s i s  L . (+ )  R e t i c u l i n e  ( l 4 0 )  h a s  b e e n  
79shown t o  be i n c o r p o r a t e d  i n t o  ( - )  s t y l o p i n e  ( 1 5 2 ) ,  w here  
t h e  a b s o l u t e  s t e r e o c h e m i s t r y  a t  C-1  ( l 4 0 )  a n d  C - l 4  (1 5 2 )  
r e m a i n e d  u n c h a n g e d ,  b u t  t h e  i n c o r p o r a t i o n  o f  ( - )  r e t i c u l i n e  
was much l e s s  e f f i c i e n t .  U s i n g  (+ )  r e t i c u l i n e  ( l - ^ H ) ,  p a r t i a l  
l o s s  o f  l a b e l l i n g  was f o u n d ,  t h u s  i n f e r i n g  a  f a c i l e  an d  
r e v e r s i b l e  r e d u c t i o n - o x i d a t i o n  p r o c e s s  t o  1 , 2 - d e h y d r o r e t i c u l i n e  
( 2 2 ) ,  w h ic h  wou ld  t h e n  a c c o u n t  f o r  t h e  i n c o r p o r a t i o n  o f  ( - )  
r e t i c u l i n e  i n t o  ( - )  s t y l o p i n e  (1 5 2 )  by r e v e r s a l  o f  
s t e r e o c h e m i s t r y  t h r o u g h  t h e  im in ium  compound ( 1 5 3 )#
( - )  R e t i c u l i n e  h a s  a l s o  b e e n  i n c o r p o r a t e d ^ ^  i n t o  c o r e x i m i n e
( 1 5 4 ) .  T h a t  a n  N -m e th y l  g ro u p  i s  t h e  s o u r c e  o f  t h e  b e r b i n e  
b r i d g e ,  t h e  m e t h y l e n e  g ro u p  a t  0 - 8 ,  was shown * by t h e  u s e
o f  r e t i c u l i n e  (N-^^CH^) ( l 4 0 ) .  T h i s  may be com pared  w i t h  t h e
0-2
c y c l i z a t i o n  o f  N, N - d i m e t h y l - 3  $ 4 - d i m e t h o x y p h e n e t h y l a m i n e  
N - o x id e  (1 5 5 )  t o  N - m e t h y l - 6 , 7 - d i m e t h o x y ,  1 , 2 , 3 , 4 - t e t r a h y d r o -  
i s o q u i n o l i n e  ( I 5 6 ) .  I t  h a s  a l s o  b e e n  d e m o n s t r a t e d  t h a t  t h e
82m e t h y l e n e d i o x y  g r o u p  i n  b e r b e r i n e  (1 5 1 )  i s  d e r i v e d  f rom  t h e
0 - m e t h y l  g ro u p  a t  C-6  i n  r e t i c u l i n e  ( l 4 0 ) ,  a n d  t h a t  t h e  s o u r c e  
o f  b o t h  t h e  m e t h y l e n e  g ro u p  a t  C-8 and  t h e  m e t h y l e n e d i o x y  g ro u p
Q %
i n  b e r b e r i n e  ( 1 5 1 )  a r e  d e r i v e d  from t h e  8 - m e t h y l  g r o u p  o f  
m e t h i o n i n e .  Thus  m e t h i o n i n e  i s  t h e  s o u r c e  f o r  b o t h  0 -  an d  






















P r o t o s i n o m e n i n e  (1 5 7 )  d i f f e r s  o n l y  f rom r e t i c u l i n e  ( l 4 0 )  
i n  r e v e r s a l  o f  p o s i t i o n s  o f  t h e  m e t h o x y l -  a n d  h y d r o x y l - g r o u p s  
on r i n g  A, y e t  i t  was shown t h a t  p r o t o s i n o m e n i n e  ( 1 5 7 )  was 
n o t  i n c o r p o r a t e d  i n t o  b e r b e r i n e  ( 1 5 1 ) .
From s u c h  r e s u l t s  a  s chem e ,  ( V I I I ) ,  h a s  b e e n  d e r i v e d ^ ^  f o r  
t h e  b i o s y n t h e s i s  o f  p r o t o b e r b e r i n e s .  A v a r i e t y  o f  
p r o t o b e r b e r i n e s  a r e  known w i t h  a  m e th y l  g r o u p  a t  C -1 5 ,  a n d ,  
f o r  one o f  t h e s e ,  c o r y d a l i n e  ( 1 5 8 ) ,  r e t i c u l i n e  ( l 4 0 )  h a s  b e e n
85shown t o  be a  p r e c u r s o r .  S i n c e  t h e r e  do n o t  seem t o  be any  
C X U m e th y l i s o q u in o l in e s ,  i t  t h e r e f o r e  a p p e a r s  t h a t  C - m e t h y l a t i o n  
o c c u r s  a f t e r  c y c l i z a t i o n  t o  a p r o t o b e r b e r i n e .
B e r b e r a s t i n e
Only  one i n v e s t i g a t i o n  o f  t h e  b i o s y n t h e s i s  o f  b e r b e r a s t i n e
(4 )  h a s  b e e n  r e p o r t e d , w i t h  mos t  i n t e r e s t i n g  o b s e r v a t i o n s .
F e e d i n g  e x p e r i m e n t s  w i t h  dopamine ( l - ^ ^ C ) ( 1 3 3 )  i n
H y d r a s t i s  c a n a d e n s i s  L r e s u l t e d  i n  t h e  i s o l a t i o n  o f  r a d i o a c t i v e l y
l a b e l l e d  b e r b e r a s t i n e  ( 4 ) ,  b e r b e r i n e  ( 15 I ) ,  c a n a d i n e  ( 1 5 0 )  and
h y d r a s t i n e  ( l 4 6 ) .  From d e g r a d a t i o n  s t u d i e s  on b e r b e r i n e  (151 )
i t  was shown t h a t  l a b e l l i n g  h a d  o c c u r e d  a t  C - 5 .  S i n c e
b e r b e r a s t i n e  ( 4 )  was fo u n d  t o  have  a  h i g h e r  s p e c i f i c  a c t i v i t y
t h a n  b e r b e r i n e  (1 5 1 )  o r  c a n a d i n e  ( I 5 0 ) ,  t h e n  n e i t h e r  b e r b e r i n e
( 1 5 1 ) n o r  c a n a d i n e  (1 5 0 )  were  p r e c u r s o r s  o f  b e r b e r a s t i n e  ( 4 ) .
F u r t h e r  e x p e r i m e n t s  were  t h e n  c a r r i e d  o u t  u s i n g  ( - )
l 4n o r a d r e n a l i n e  ( 2 -  C) (159 )  an d  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  
i s o l a t e d  b e r b e r a s t i n e  ( 4 )  was r e p o r t e d  t o  be f a r  i n  e x c e s s  o f  
t h a t  f ound  f o r  ( 4 )  when u s i n g  dopam ine ( l - ^ ^ C )  (153 )#  Some o f  
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A l th o u g h  Monkovic and  S p e n s e r  e x c l u d e  n o r l a u d a n o s o l i n e
( 1 5 5 ) a s  a  p r e c u r s o r  o f  b e r b e r a s t i n e  ( 4 )  on t h e  g r o u n d s  t h a t
81 82l a u d a n o s o l i n e  ( I 6 0 ) and  r e t i c u l i n e  ( l 4 0 )  have  b e e n  shown ’
t o  s e r v e  a s  s p e c i f i c  p r e c u r s o r s  o f  b e r b e r i n e  ( 15 I ) , t h e i r
l 4r e s u l t s  o f  i n c o r p o r a t i o n  o f  dopam ine ( 1 -  C) do n o t  e x c l u d e  
t h e  p o s s i b i l i t y  o f  a  1 - b e n z y l i s o q u i n o l i n e  b e i n g  h y d r o x y l a t e d  
a t  C -4  t o  p r o v i d e  a  p r e c u r s o r  t o  b e r b e r a s t i n e  ( 4 ) ,  r a t h e r  
t h a n  i n i t i a l  c o n v e r s i o n  o f  dopamine ( 1 3 3 ) t o  n o r a d r e n a l i n e  
( 1 5 9 ) .
I t  seems r e a s o n a b l e  t o  i n f e r  t h a t  b e r b e r a s t i n e  ( 4 )  i s
d e r i v e d  from a  4 - h y d r o x y - l - b e n z y 1 - 1 , 2 , 3 $  4 - t e  t r a h y d r o -
i s o q u i n o l i n e , p r e s u m a b l y  4 - h y d r o x y n o r l a u d a n o s o l i n e  ( I 6I ;
R=H, R^=OH o r  v i c e  v e r s a ) . The i n c o r p o r a t i o n  o f  ( - )
l 4n o r a d r e n a l i n e  ( 2 -  C) (1 5 9 )  i n t o  b e r b e r a s t i n e  w ould  be 
e x p e c t e d  t o  be s t e r e o s p e c i f i c , t h u s  o n l y  one e n a n t i o m e r  o f  
( 1 6 1 ) wou ld  be e x p e c t e d  t o  be i n c o r p o r a t e d  u n l e s s
i n t e r c o n v e r s i o n  o f  e n a n t i o m e r s  o f  ( I 6 1 ) o c c u r e d .  The
+ l 4i n c o r p o r a t i o n  o f  ( - )  n o r a d r e n a l i n e  ( 2 -  C) (1 5 9 )  i n t o  b o t h
b e r b e r i n e  ( 15 I )  and  c a n a d i n e  (150 )  was a b o u t  one s i x t h  o f
l 4t h a t  o f  dopamine ( 1 -  C) (1 3 3 )  and  must  be r e g a r d e d  a s  
s i g n i f i c a n t .  T h e r e f o r e  a  r e d u c t i v e  p r o c e s s  mus t  o c c u r ,  e i t h e r  
o f  n o r a d r e n a l i n e  (1 5 9 )  t o  dopamine ( 1 3 3 )1 o f  a  4 - h y d r o x y - l -  
b e n z y l i s o q u i n o l i n e ,' o r ,  l e s s  l i k e l y ,  o f  a  5 - h y d r o x y  b e r b i n e .
The p r i n c i p l e  o f  r e v e r s i b l e  o x i d a t i o n - r e d u c t i o n  p r o c e s s e s  o f  
i s o q u i n o l i n e  a l k a l o i d s  h a s  b e e n  d e m o n s t r a t e d  by t h e  
i n t e r c o n v e r s i o n  o f  t h e  e n a n t i o m e r s  o f  r e t i c u l i n e ,  p r e s u m a b l y  








B e n z y l i c  h y d r o x y l  g ro u p s
B e s i d e s  b e r b e r a s t i n e  ( 4 ) ,  t h a l i d a s t i n e  ( l 6 2 )  a n d  
t e t r a h y d r o b e r b e r a s t i n e , o t h e r  i s o q u i n o l i n e  a l k a l o i d s  a r e  
known w h ich  b e a r  a  b e n z y l i c  h y d r o x y l -  o r  m e t h o x y l - g r o u p .
87 88Such  a l k a l o i d s  a r e  s t e p o r p h i n e  ( 1 6 3 )» im e n in e  ( l 6 4 )  and
c a t a l i n e ^ ^  ( 1 6 5 ) ,  e r y t h r i n i n e ^ ^  ( I 6 6 ) ,  e r t h r i s t e m i n e ^ ^
92( 1 6 7 ) an d  o p h i o c a r p i n e  ( 1 7 0 ) .  One o f  t h e s e ,  im e n in e  ( l 6 4 ) ,  
h a s  r e c e n t l y  b e e n  s y n t h e s i z e d . ^ ^  N a r c o t i n e  ( 1 6 8 ) an d  
r h o c a d i n e  ( I 6 9 ) e x c e m p l i f y  b e n z y l i c - h y d r o x y l a t e d  
p h t h a l i d e i s o q u i n o l i n e  and  r h o e a d i n e  a l k a l o i d s  r e s p e c t i v e l y .
The p a v i n e  ( I 7 1 ) and  i s o p a v i n e  (1 7 2 )  g r o u p s  o f  a l k a l o i d s ,  
t h o u g h  e s s e n t i a l l y  u n i n v e s t i g a t e d  b i o s y n t h e t i c a l l y ,  a r e
p r e s u m e d ^ ^ 19 5 , 9 6  a r i s e  f rom 1 - b e n z y l i s o q u i n o l i n e s .  I t  h a s
95b e e n  s u g g e s t e d  by S t e r m i t z  an d  S e i b e r  t h a t  t h e  p a v i n e s  a r e
b i o s y n t h e t i c a l l y  d e r i v e d  from r e t i c u l i n e  ( l 4 0 )  by o x i d a t i o n
t o  2 , 3 - d e h y d r o r e t i c u l i n e  (1 7 3 )  b u t  t h i s  i s  r e g a r d e d  a s
95i m p r o b a b l e .  I f ,  a s  was s u g g e s t e d ,  1 , 2 - d e h y d r o r e t i c u l i n e  
( 1 5 3 ) i s  i n  e q u i l i b r i u m  w i t h  2 , 3 - d e h y d r o r e t i c u l i n e  (1 7 3 )  t h e n ,  
s i n c e  r e t i c u l i n e  i s  t h e  p r e c u r s o r  o f  t h e  p r i n c i p l e  a l k a l o i d s  
o f  P a p a v e r  s o m n i f e r u m , s i g n i f i c a n t  am oun ts  o f  p r o d u c t s  f rom  
( 1 7 3 ) m ig h t  be e x p e c t e d ,  nam ely  p a v i n e s ,  b u t  t h i s  i s  n o t  s o .
Of c o u r s e ,  t h e  l a c k  o f  a  p o t e n t i a l  p r o d u c t  i n  a  b i o s y n t h e t i c  
s e q u e n c e  may be a t t r i b u t e d  t o  t h e  l a c k  o f  t h e  a p p r o p r i a t e  
enzyme i n  t h e  p l a n t  u n d e r  c o n s i d e r a t i o n  b u t ,  i n  t h e  l a b o r a t o r y ,  
t h e  c o n v e r s i o n  o f  compounds o f  t y p e  (1 7 3 )  t o  p a v i n e s  i s  
f a o i l e . 9 7 . 9 8 , 99
36 .
R e a c t i o n  o f  4 - h y d r o x y - l - b e n z y l - l , 2 , 3 » 4 - t e t r a h y d r o -
i s o q u i n o l i n e s  (1 7 4 )  i n  a q u e o u s  a c i d s  h a s  r e a d i l y  g i v e n  b o t h
100,101  ^  . 102 ^  ^  ^  ^31 i s o p a v i n e s  an d  p a v i n e s ,  a n d  i t  h a s  b e e n  s u g g e s t e d
by Dyke e t  a l  t h a t  i s o p a v i n e s  may be b i o s y n t h e t i c a l l y  d e r i v e d
i n  an a n a l o g o u s  m a n n e r ,  from 4 - h y d r o x y l a t e d  i s o q u i n o l i n e s .
I n  t h e  s y n t h e s i s  o f  a n  i s o p a v i n e ,  f o r  a  c o n c e r t e d  d i s p l a c e m e n t
o f  t h e  4 - h y d r o x y l - g r o u p  o f  (1 7 4 )  by t h e  1 - b e n z y l  g r o u p ,  a  1 , 4 -
' t r a n s * s t e r e o c h e m i c a l  s y s t e m  would  be r e q u i r e d ,  e g .  ( 1 7 5 ) i
b u t  s t e r e o c h e m i s t r y  would  be u n i m p o r t a n t  f o r  a  r e a c t i o n
i n v o l v i n g  a b e n z y l  c a rb o n iu m  i o n ,  e g .  ( 1 7 6 ) .  The p a v i n e s
( 1 7 1 ) a r i s e  by d e h y d r a t i o n  o f  t h e  b e n z y l i c  a l c o h o l  ( 1 7 4 )  t o
a  1 , 2 - d i h y d r o i s o q u i n o l i n e  ( I 7 8 ) , w h ic h ,  on p r o t o n a t i o n  a t
C-4 a f f o r d s  a  ' 2 , 3 - d e h y d r o i s o q u i n o l i n e * s u c h  a s  ( 1 7 3 ) .  Such
i n t e r m e d i a t e s  r e a d i l y  r e a r r a n g e  t o  3 - b e n z y l - 3 $4 - d i h y d r o -
i s o q u i n o l i n e s  ( 1 7 9 ) and  s u b s e q u e n t l y  c y c l i z e  t o  p a v i n e s  ( 4 3 ) .
I f  t h e  s t e r e o c h e m i s t r y  o f  a  4 - h y d r o x y  compound were  a s  
i n  t h e  t r a n s  exam ple  ( 175)1  t h e n  a n t i p e r i p l a n a r  d e h y d r a t i o n  
would  r e s u l t  i n  l o s s  o f  t h e  1 , 3 - c i s  h y d r o g e n ,  r e l a t i v e  t o  t h e
1 - b e n z y l  g r o u p ,  w h e r e a s  f o r m a t i o n  o f  t h e  enara ine ( I 7 8 ) f rom 
t h e  c a r b o n i u m  i o n  ( I 7 6 ) n e e d  n o t  be s t e r e o c h e m i c a l l y  c o n t r o l l e d .
I f  e n z y m a t i c  h y d r o x y l a t i o n  a t  C-3  o f  a  compound s u c h  a s  
r e t i c u l i n e  ( l 4 0 )  were t o  o c c u r  t o  p r o d u c e  t h e  h y p o t h e t i c a l
3 - h y d r o x y r e t i c u l i n e  t y p e  ( I 8 0 ) ,  t h e n  a  compound a n a l o g o u s  t o  
t h e  s u g g e s t e d ^ ^  2 , 3 - d e h y d r o r e t i c u l i n e  ( 1 7 3 ) wou ld  be p r o d u c e d ,  
and  d i r e c t  c y c l i z a t i o n  w ou ld  r e q u i r e  t r a n s - s t e r e o c h e m i s t r y  
and  t h e  1 , 3 - c i s  h y d r o g e n  would  be r e t a i n e d .  I f  s u c h  a  compound 
a s  ( 1 8 0 ) were p r o d u c e d ,  i t  c o u l d  a l s o  be d e h y d r a t e d  t o  ( 173)1  
an d  t h e n  t h e  s t e r e o c h e m i s t r y  o f  h y d r o x y l a t i o n  would  be u n i m p o r t a n t
37.
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I t  wou ld  be i n t e r e s t i n g  t o  know t h e  a b s o l u t e  c o n f i g u r a t i o n  
a t  C-5  o f ,  f o r  e x a m p le ,  B e r b e r a s t i n e ,  a n d  t o  compare t h i s  w i t h  
t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  i s o p a v i n e s .  I f  t h e  a b s o l u t e  
c o n f i g u r a t i o n s  were  t h e  same,  t h e n  i t  m ig h t  s u g g e s t  o n l y  one 
s t e r e o c h e m i c a l  c o u r s e  o f  h y d r o x y l a t i o n  o f ,  f o r  e x a m p le ,  
d o p a m in e .  The b i o s y n t h e t i c  p r o d u c t i o n  o f  p a v i n e s  m igh t  
c o n c e i v a b l y  a r i s e  f ro m ,  f o r  e x a m p l e ,  a  1 , 4 - c i s -h y d ro x y -c o m p o u n d  
s u c h  a s  ( l 8 l ) .
Many o f  t h e  p o s s i b l e  b i o s y n t h e t i c  r o u t e s  t o  p a v i n e s  an d  
i s o p a v i n e s  c o u l d  w e l l  be i n v e s t i g a t e d  by u s i n g  c h i r a l l y  
l a b e l l e d  t y r o s i n e  (3 -^H )  (1 3 2 )  ( l 8 2 ) .  T h i s  r e a g e n t  h a s  a l r e a d y  
b e e n  u s e d  i n  f e e d i n g  e x p e r i m e n t s ^ ^ ^ ’ ^ ^ ^  t o  a s c e r t a i n  t h e  c o u r s e  
o f  h y d r o x y l a t i o n s  i n  t h e  b i o s y n t h e s i s  o f  haem an tha m ine  ( l 8 4 )  
and  i t  was shown t h a t  h y d r o x y l a t i o n  a t  C-11 o c c u r s  w i t h  
r e t e n t i o n  o f  c o n f i g u r a t i o n .  T h i s  i s  r e g a r d e d  a s  t h e  n o rm a l  
c o u r s e  f o r  h y d r o x y l a t i o n  a t  a  s a t u r a t e d  c a r b o n  a t o m s .
S i n c e  o x y c r i n i n e  ( 1 8 5 ) i s  a n  i n t e r m e d i a t e ^ ^ ^  i n  t h e  b i o s y n t h e t i c  
s e q u e n c e  t o  h a e m a n t h i d i n e , h y d r o x y l a t i o n  d o e s  o c c u r  a t  a  
s a t u r a t e d  c a r b o n ,  i n  c o n t r a s t  t o  t h e  b e n z y l i c  c a r b o n  s i t e  f o r  
t h e  p r o p o s e d  i n t e r m e d i a t e  t o  i s o p a v i n e s .
An a s  y e t  h y p o t h e t i c a l  b i o s y n t h e t i c  i n t e r m e d i a t e  s u c h  a s  
4 - h y d r o x y - n o r r e t i c u l i n e  ( 1 8 6 ; R=OH) w a r r a n t s  c o n s i d e r a t i o n  a s  
a  p r e c u r s o r  t o  t h e  a r o m a t i c  l - b e n z y l i s o q u i n o l i n e s  s u c h  a s  
p a p a v e r i n e  ( l 4 3 ) . I n  a  s e r i e s  o f  f e e d i n g  e x p e r i m e n t s  w i t h  
l a b e l l e d  p r e c u r s o r s ,  B rochm ann-H a nssen  e t  a l  have  shown^^ t h a t  
n o r r e t i c u l i n e  ( 1 3 9 ) i s  a  p r e c u r s o r  o f  p a p a v e r i n e  ( 1 4 3 ) .  I t  
was e a r l i e r  m e n t i o n e d  t h a t  b o t h  b e n z y l i c  h y d r o x y l a t i o n  an d  
r e d u c t i o n  must  o c c u r  i n  H y d r a s t i s  c a n a d e n s i s , due t o  t h e
39.


























2.ks u c c e s s f u l  i n c o r p o r a t i o n  o f  b o t h  dopamine  ( 1 -  C) and
n o r a d r e n a l i n e  ( 2 - ^ ^ C )  i n t o  b o t h  b e r b e r i n e  (1 5 1 )  and
b e r b e r a s t i n e  ( 4 ) .  I t  c e r t a i n l y  seems p o s s i b l e ,  t h e r e f o r e ,
t h a t  n o r r e t i c u l i n e  ( l 8 6 ;  R=H) may be h y d r o x y l a t e d  t o
4 - h y d r o x y - n o r r e t i c u l i n e  ( l 8 6 ;  E=OH). S i n c e  t h e  e n a n t i o m e r s
o f  r e t i c u l i n e  a r e  p re sum ed  t o  i n t e r c o n v e r t  t h r o u g h  1 , 2 -
d e h y d r o r e t i c u l i n e  (155 )»  s u c h  a  p r o c e s s  on 4 - h y d r o x y -
n o r r e t i c u l i n e  ( l 8 6 ;  R=OH) w ou ld  a f f o r d  ( l 8 ? ) ,  w h ich  n e e d s
o n l y  d e h y d r a t i o n  a n d  0 - m e t h y l a t i o n  t o  o b t a i n  p a p a v e r i n e  ( l 4 5 ) .
L i t t l e  a t t e n t i o n  a p p e a r s  t o  have  b e e n  g i v e n  t o  t h e  p r o c e s s  by
w h ich  a  1 - b e n z y l - l , 2 , 5 , 4 - t e t r a h y d r o i s o q u i n o l i n e  i s  b i o l o g i c a l l y
a r o m a t i z e d ' ,  s u c h  a r o m a t i z a t i o n s  o f  t e  t r a h y d r o  i s o  q u i n o l i n e s  c a n
p r o v e  e x t r e m e l y  d i f f i c u l t  i n  t h e  l a b o r a t o r y  -  e x c e p t  f o r
4 - h y d r o x y - l , 2 , 5» 4 - t e t r a h y d r o i s o q u i n o l i n e s .  The l a t t e r  compounds
107a r e  a r o m a t i z e d  mos t  r e a d i l y  b y ,  f o r  e x a m p le ,  i n i t i a l  
o x i d a t i o n  w i t h  N - b r o m o s u c c in i m id e  t o  4 - h y d r o x y - 5 »4 - d i h y d r o -  
i s o q u i n o l i n e s  ( l 8 8 )  and  s u b s e q u e n t  a c i d - p r o m o t e d  d e h y d r a t i o n .
E xam ples  o f  l a b o r a t o r y  h y d r o x y l a t i o n s  a t  C -4  o f  7 - h y d r o x y -  
1 , 2 , 5 , 4 - t e t r a h y d r o i s o q u i n o l i n e s  a r e  known. T r e a t m e n t  o f  
c o r p a l l i n e  ( I 8 9 ) w i t h  l e a d  t e t r a a c e t a t e  a f f o r t h e  
q u i n o l  a c e t a t e  ( 19O ),  w h ich  i s  s u s c e p t i b l e  t o  a c i d - i n d u c e d  
r e a r r a n g e m e n t  t o  4 , 7 - b i s a c e t o x y - 6 - m e t h o x y - l , 2 , 5 , 4 - t e t r a h y d r o -  
i s o q u i n o l i n e  ( 1 9 1 ) .  T h i s  compound p r e s u m a b l y  a r i s e s  t h r o u g h  t h e  
q u in o n e  m e th id e  ( 1 9 2 ) ,  and  i s  h i g h l y  s u s c e p t i b l e  t o  n u c l e o p h i l i c  
d i s p l a c e m e n t s  u n d e r  b a s i c  c o n d i t i o n s ^ ^ ^ ’ ^^^  t o  o b t a i n  
4 - s u b s t i t u t e d  d e r i v a t i v e s  o f  c o r p a l l i n e  ( I 8 9 ) . The r e a c t i v e  
s p e c i e s  i s  a g a i n  p r e s u m a b l y  t h e  q u in o n e  m e t h i d e  ( 1 9 1 ) .  T h i s  
m i g h t  a t  f i r s t  be c o n s i d e r e d  a t  v a r i a n c e  w i t h  t h e  r e l a t e d
41.
112exam ple  o f  o x i d a t i o n  o f  6 - h y d r o x y t e t r a l i n  (19 5 )»  where  
t h e  i n t e r m e d i a t e  q u i n o l  a c e t a t e  ( 1 9 4 )  gave 5 » 7 - b i s a c e t o x y -  
t e t r a l i n  ( 1 9 5 ) » b u t  6 - h y d r o x y t e t r a l i n  h a s  a l s o  b e e n  o x i d i z e d  
t o  6 - h y d r o x y t e t r a l e n e ^ ^ ^  (1 9 6 )  an d  l - m e t h o x y - 6 - h y d r o x y -  
t e t r a l i n  ( 1 9 7 ) .
The o x i d a t i o n  o f  a n  i s o q u i n o l i n e  t o  a q u i n o l  a c e t a t e  
h a s  b e e n  e x t e n d e d ^ ^ ^  t o  t h e  o x i d a t i o n  o f  codam ine  ( 1 9 8 ) . 
A l t h o u g h  t h e  i n i t i a l  p r o d u c t  o f  o x i d a t i o n  w i t h  l e a d  t e t r a ­
a c e t a t e  was n o t  r e p o r t e d  a s  c h a r a c t e r i z e d ,  i t  i s  r e a s o n a b l e  
t o  s u p p o s e  t h a t  i t  was t h e  q u i n o l  a c e t a t e  ( 1 9 9 ) .  T h i s  was 
t h e n  s u b j e c t e d  t o  s i m i l a r  a c i d  c o n d i t i o n s  t h a t  i n d u c e d  t h e  
r e a r r a n g e m e n t  o f  t h e  s i m p l e r  q u i n o l  a c e t a t e  ( 19O) t o  t h e
4 - a c e t o x y  d e r i v a t i v e  ( I 9 I ) » and  b o t h  ( - )  0 - a c e t y l t h a l i p o r p h i n e  
( 2 0 0 ;  R=H, R=OAc) ( l4%) and  ( - )  4 - a c e t o x y - O - a c e t y l -  
t h a l i p o r p h i n e  ( 2 0 0 ;  R=R^=OAc) (6%) were  o b t a i n e d .
U n f o r t u n a t e l y  i t  was n o t  c l e a r  w h e t h e r  c y c l i z a t i o n  o c c u r e d  
t h r o u g h  t h e  q u in o n e  m e th id e  (2 0 1 )  o r  t h e  c a r b o n i u m  i o n  ( 2 0 2 ) .  
The ( - ) - 4 - a c e t o x y - 0 - a c e t y l t h a l i p o r p h i n e  ( 2 0 0 ;  R=R^=OAc) 
p r e s u m a b l y  a r o s e  due t o  o x i d a t i o n  o f  ( 2 0 0 ;  R=H, R^=OH) w i t h  
l e a d  t e t r a a c e t a t e ,  s i n c e  t h e  r e p o r t e d  p r o c e d u r e s  d i d  n o t  
e x c l u d e  e x c e s s  l e a d  t e t r a a c e t a t e .  The a u t h o r s ,  Umezawa e t  a l , 
f a v o u r e d  a " M i c h a e l - t y p e  a d d i t i o n  o f  t h e  6 - p o s i t i o n  i n  t h e  
v e r a t r y l  g ro u p  t o  t h e  9 - p o s i t i o n  i n  ( 1 9 9 ) » and  a  c o n c e r t e d  
e l i m i n a t i o n  o f  t h e  1 0 - a c e t o x y - g r o u p ,  f o l l o w e d  by a  1 , 2 -  
s h i f t  o f  t h e  C-6* C-9 bond t o  t h e  8 - p o s i t i o n ,  and  
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43.
By a  s i m i l a r  o x i d a t i o n  o f  N - m e t h y l - 1 - ( 3 , 4 , 3 - t r i m e t h o x y -  
p h e n e t h y l ) - 6 - m e t h o x y - 7 - h y d r o x y - l , 2 , 3 »  4 - t e t r a h y d r o i s o q u i n o l i n e  
( 2 0 3 ) ,  t h e  h o m o a p o rp h in e  K r e y s i g i n e  (2 0 4 )  h a s  been  
s y n t h e s i z e d . ^ ^ ^
A l t h o u g h  t h e  o x i d a n t  l e a d  t e t r a a c e t a t e  i s  g e n e r a l l y  
c o n s i d e r e d  t o  be a  r a d i c a l  o x i d a n t ,  t h e  i n t e r m e d i a t e s  t o  b o t h  
c y c l i z a t i o n s  t o  ( - )  t h a l i p o r p h i n e  ( 2 0 0 ;  B=H, R^=OH) an d  ( - )  
k r e y s i g i n e  (2 0 4 )  have  b e e n  s u b j e c t e d  t o  a t w o - e l e c t r o n  
o x i d a t i o n ^ ^ ^ ' ^ ^ ^  p r i o r  t o  c y c l i z a t i o n .  T w o - e l e c t r o n  o x i d a t i o n s  
w i t h  t h a l l i u m  ( I I I )  t r i f l u o r o a c e t a t e  (TTFA) have  r e c e n t l y  
b e e n  em ployed  by S c h w a r t z  e t  a l  t o  a c c o m p l i s h  i n t r a m o l e c u l a r
118p h e n o l i c  c o u p l i n g .  R e a c t i o n  o f  t h e  N - t r i f l u o r o a c e t y l
amine (2 0 5 )  w i t h  TTFA i n  d i c h l o r o m e t h a n e  a f f o r d e d  t h e  d i e n o n e  
( 2 0 6 ) ( 19%), w h ic h ,  on h y d r o l y s i s ,  gave  ( - )  o x o c r i n i n e  ( I 8 5 ) .
An a n a l o g o u s  o x i d a t i o n  o f  ( 2 0 7 ) ,  a  s i m i l a r  1 - p h e n e t h y l -  
i s o q u i n o l i n e  a s  t h a t  u s e d  f o r  t h e  s y n t h e s i s  o f  k r e y s i g i n e  (2 0 4 )  
b u t  w here  t h e  am ine  f u n c t i o n  i s  p r o t e c t e d  a s  a  b o r a n e ,  g i v e s ,  
a f t e r  amine  d e p r o t e c t i o n ,  ( - ) - 0 - m e t h y l a n d r o c y m b i n e  ( 2 0 8 ) .
The r e a c t i o n  i s  f o r m a l i z e d  i n  t h e  s e q u e n c e  (2 0 9 )  (2 1 0 )  (2 1 1 )
t o  i l l u s t r a t e  t h e  p r o b a b l e  c a r b o n i u m  i o n  a t  0 - 1 0 .  I t  would  t h e n  
a p p e a r  t h a t  a n n é l a t i o n  o f  (2 0 3 )  t o  k r e y s i g i n e  (2 0 4 )  may n o t  
p r o c e e d  t h r o u g h  t h e  c a rb o n iu m  i o n  ( 2 1 1 ) ,  b u t ,  i n  v iew o f  t h e  
low y i e l d s  i n  t h e  s y n t h e s e s  o f  b o t h  k r e y s i g i n e  (2 0 4 )  and
0 - m e t h y l a n d r o c y m b i n e  ( 2 0 8 ) i t  w o u ld  be i n c a u t i o u s  t o  draw s u c h  
m e c h a n i s t i c  c o n c l u s i o n s  from a v a i l a b l e  e v i d e n c e .  I n  b o t h  c a s e s ,  
t h e  b u l k  o f  t h e  r e a c t i o n  p r o d u c t  was u n a c c o u n t e d  f o r .
A l th o u g h  comment h a s  b e e n  made r e g a r d i n g  t h e  low  y i e l d s  
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s u p e r i o r  t o  t h o s e  commonly o b t a i n e d  i n  p h e n o l i c  c y c l i z a t i o n s
i n d u c e d  by o n e - e l e c t r o n  o x i d a n t s . E x c e p t i o n a l  y i e l d s  i n
p h e n o l i c  c y c l i z a t i o n s  have b e e n  o b t a i n e d  u s i n g  vanad ium (V)
120 121o x y c h l o r i d e ,  * and  t h e  e l e c t r o - o x i d a t i v e  c y c l i z a t i o n  o f
l a u d a n o s i n e  (2 1 2 )  t o  0 - m e t h y l  f l a v i n a n t i n e  ( 2 1 3 ) h a s  b e e n
1 22
a c c o m p l i s h e d  i n  52% y i e l d .
A m a jo r  c o n t r i b u t i o n  t o w a r d s  t h e  u n d e r s t a n d i n g  o f  t h e
i n t e r - r e l a t i o n s h i p s  o f  t h e  i s o q u i n o l i n e  a l k a l o i d s  was t h e
123p a p e r  by B a r t o n  an d  Cohen on some b i o g e n i c  a s p e c t s  o f  p h e n o l
o x i d a t i o n .  The p a t t e r n  o f  i n t e r - r e l a t i o n s h i p s  e xpounded  i n
t h a t  p a p e r  h a s  b e e n  o f  g r e a t  v a l u e ,  b u t  i t  was s t a t e d  o r
p re s u m e d  t h r o u g h o u t  t h a t  t h e  c o u p l i n g  mechanism was o f  a
119r a d i c a l  t y p e .  From a  r e c e n t  r e v i e w  o f  t h e  t o p i c  o f  p h e n o l i c  
o x i d a t i o n  o f  i s o q u i n o l i n e s  i t  i s  o b v i o u s  t h a t  a  g r e a t  d e a l  o f  
e f f o r t  by many r e s e a r c h  w o r k e r s  h a s  gone i n t o  a t t e m p t s  t o  
d u p l i c a t e  o x i d a t i v e  b i o s y n t h e t i c  r e a c t i o n s  i n  t h e  i s o q u i n o l i n e  
f i e l d  by o n e - e l e c t r o n  o x i d a t i o n s  o f  p h e n o l s .  The g e n e r a l l y  -  
b u t  n o t  i n v a r i a b l y  -  a bysm a l  y i e l d s  c o u l d  w e l l  r e f l e c t  a  b a s i c  
e r r o r  o f  a s s u m p t i o n  -  t h a t  b i o s y n t h e t i c  o x y d a t i v e  c y c l i z a t i o n s  
a r e  r a d i c a l  i n  c h a r a c t e r .  I t  c o u l d  w e l l  be t h a t  t h e  b i o s y n t h e t i c  
p r e - c y c l i a a t i o n  i n t e r m e d i a t e s  a r e  i o n i c  i n  c h a r a c t e r .
I n  a  b i o l o g i c a l  s y s t e m ,  o x i d a t i v e  s t a g e s  a r e  p r o m o t e d  by 
en zy m es ,  and  t h e  i n v e s t i g a t i o n  o f  p r o p o s e d  b i o s y n t h e t i c  
p a t h w a y s  by u s e  o f  enzymes o r  enzyme e x t r a c t s  i s  becom ing  
i n c r e a s i n g l y  p o p u l a r .  B ecause  o f  t h e  c o n s i d e r a b l e  d i f f i c u l t i e s  
a t t e n d i n g  t h e  i s o l a t i o n  o f  an  enzyme,  t h e r e  i s  n a t u r a l l y  a 
t e n d e n c y  t o  u s e  a n  a l r e a d y  c h a r a c t e r i z e d  enzyme whose p r o p e r t i e s  















F o r  e x a m p le ,  o x i d a t i o n  o f  d l - N - n o r a r m e p a v i n e  ( 2 l 4 )  w i t h  c r u d e
124h o r s e - r a d i s h  p e r o x i d a s e ,  was r e p o r t e d  t o  g i v e  b o t h  1 , 2 -  
d i a n i s y l - 6 , 7 - d i m e t h o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  ( 2 1 5 ; 
R=CH^), t h e  c o r r e s p o n d i n g  d i p h e n o l  (2 1 5 ;  R=H), and  o - m e t h y l -  
s e n d a v e r i n e  ( 2 l 6 ) ,  S i m i l a r  o x i d a t i o n  o f  d l - N - m e t h y l c o d a u r i n e
( 2 1 7 )  gave a  b i s - b e n z y l i s o q u i n o l i n e , a n d ,  a f t e r  r e d u c t i v e  
w o r k - u p ,  c o r p a l l i n e  ( I 8 9 ) and  t h e  8 - b e n z y l a t e d  i s o q u i n o l i n e
( 2 1 8 ) .  I t  was a s sum ed  by t h e  a u t h o r s  t h a t  t h e  o x i d a t i v e  
r e a r r a n g e m e n t  was by means o f  a  d i r a d i c a l ,  e g .  ( 2 1 9 ) .  I n s t e a d ,  
t h e  c a rb o n iu m  i o n  (2 2 0 )  c o u l d  t h e n  a f f o r d  t h e  q u in o n e  m e t h i d e  
( 2 2 1 ) ,  and  r e s u l t  i n  t r a n s f e r  ( 2 2 2 )  o f  t h e  1 - b e n z y l  g r o u p  t o  
n i t r o g e n  w i t h  c o n c o m m i ta n t  f o r m a t i o n  o f  a  b ond .  
A l t e r n a t i v e l y ,  e l i m i n a t i o n  o f  t h e  b e n z y l  c a r b o n i u m  i o n  (2 2 4 )  
c o u l d  t h e n  g i v e  1 , 2 - d e h y d r o - N - n o r c o r p a l l i n e  (2 2 3 )  and  t h e  
h i g h l y  l a b i l e  q u in o n e  m e th id e  ( 2 2 5 ) .  Enzymic p h e n o l i c  
o x i d a t i o n  o f  r e t i c u l i n e  ( l 4 o )  h a s  g i v e n ^ ^ ^  a  4% y i e l d  o f  (X-
126h y d r o x y r e t i c u l i n e  ( 2 2 6 ;  R=H), an d  r e a r r a n g e m e n t  o f  ( 2 2 6 ;
R=Me) gave a  s m a l l  ( 3%) y i e l d  o f  t h e  r i n g - e x p a n s i o n  p r o d u c t
( 2 2 7 ) .  The l a t t e r  p r o d u c t  c o u l d  be e x p l a i n e d  t h r o u g h  an
a z i r i d i n i u m  i n t e r m e d i a t e  ( 2 2 8 ) ,  s i m i l a r  t o  ( 2 2 2 ) ,  b u t  w i t h
1 2c l e a v a g e  o f  t h e  o r i g i n a l  C -C bond r a t h e r  t h a n  b e n z y l i c  
m i g r a t i o n .  I n  t h i s  c o n t e x t  i t  i s  i n t e r e s t i n g  t o  n o t e  t h e
127i s o l a t i o n  o f  t h e  u n u s u a l  a n a l o g u e  o f  a  b i s - b e n z y l i s o ­
q u i n o l i n e  w h ich  c o n t a i n s  a  b e n z a z e p i n e  r i n g  ( 2 2 9 ) .
As p a r t  o f  a  s e r i e s  o f  s t u d i e s  o f  p e r o x i d a s e  a c t i o n ,  
some o b s e r v a t i o n s  o f  t h e  o x i d a t i o n  o f  4 - a l k y l - 2 , 6 - d i m e t h y l -  
a n i l i n e s  e t  a l  by h o r s e r a d i s h  p e r o x i d a s e  h a v e  been  r e p o r t e d .



















i d e n t i f i e d  were 2 , 3 » 4 , 2 ’ , 3 ' i 4 ' - h e x a m e t h y l a z o b e n z e n e  (2 3 1 )
a n d  2 , 3 » 5 - t r i m e t h y l - p - b e n z o q u i n o n e - 4 - ( 2 ’ , 3 ’ , 4 ’ - t r i r a e t h y l ) a n i l
( 2 3 2 ) .  The f o r m e r  compound ( 23 I )  m i g h t  be e x p l a i n e d  by
r a d i c a l  " h e a d  t o  h e a d "  c o u p l i n g  o r  by " h e a d  t o  h e a d "
d i m e r i z a t i o n  o f  a  q u in o n e  m e t h i d  i m i n e ,  b u t  t h e  l a t t e r  p r o d u c t
129( 2 3 2 ) r e q u i r e s  m i g r a t i o n  o f  a  m e th y l  g r o u p .  F o r  4 - t - b u t y l -
2 , 6 - d i m e t h y l a n i l i n e  ( 2 3 3 ) t h e  main  p r o d u c t  i s  2 , 6 - d i m e t h y l - p -  
b e n z o q u i n o n e - 4 - ( 4 * - t - b u t y l - 2 ' , 6 ' - d i m e t h y l ) a n i l  ( 2 3 4 ;  R=H) 
where  i n t e r m e d i a c y  o f  a  p - q u i n o n e  m e t h i d  i s  n o t  p o s s i b l e
a n d  t h e  m inor  com ponent  was t h e  p r o d u c t  o f  m i g r a t i o n  o f  a
t - b u t y l  g roup  ( 2 3 4 ;  R = t - B u t y l ) .  T hese  o b s e r v a t i o n s  may be
e x p l a i n e d  by t h e  u s e  o f  o x i d a t i o n  t o  a  c a r b o n i u m  i o n ,  e g .  ( 2 3 5 ) .  
A t t a c k  by n i t r o g e n  o f  a  s e c o n d  m o l e c u l e  o f  u n o x i d i z e d  compound
( 2 3 3 ) t h e n  g i v e s  r i s e  t o  t h e  r e q u i r e d  c o u p l i n g  ( 2 3 6 ) a n d  
m i g r a t i o n  o f ,  o r  e l i m i n a t i o n  o f ,  t h e  4 - a l k y l  g ro u p  w o u ld  t h e n  
a f f o r d  t h e  r e p o r t e d  p r o d u c t s  ( 2 3 4 ;  R=H) and  ( 2 3 4 ;  R = t - b u t y l ) .
F o r  2 , 3 , 4 - t r i m e t h y l a m i n e  ( 23O ),  t h e  i n i t i a l  c a rb o n iu m  i o n  
( 2 3 8 ) c o u l d  g e n e r a t e  a  q u in o n e  m e t h i d e  im in e  ( 2 3 9 ) ,  a n d ,  by 
f o r  exam ple  " h e a d  t o  h e a d "  d i m e r i z a t i o n  ( 2 4 0 ) ,  t h e  a z o b e n z e n e  
( 2 3 1 ) w ould  r e s u l t .
I n  a  s t u d y  o f  t h e  b i o s y n t h e s i s  o f  some o f  t h e  a p p a r e n t l y  
d i r e c t l y  c o u p l e d  a p o r p h i n e s ,  i t  was fo u n d ^ ^ ^  by B a t t e r s b y  e t  a l  
t h a t  t h e  b e s t  p r e c u r s o r  o f  c o r y d i n e  ( 2 4 0 ) ,  g l a u c i n e  ( 2 4 l )  and  
d i c e n t r i n e  ( 2 4 2 ) ,  f rom a wide r a n g e  o f  s t u d i e s ,  was t h e  6 -  
h y d r o x y  c o m p o u n d , n o r p r o t o s i n o m e n i n e  ( 2 4 3 ) .  I t  was t h e r e f o r e  
p o s t u l a t e d  t h a t  i n i t i a l  a n n é l a t i o n  was t o  g i v e  a  d i e n o n e  o f  
t y p e  ( 2 4 4 ;  R=OH, R^=H, o r  R=H, R^=OH) R^=H o r  Me) .  Such 
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by f e r r i c y a n i d e  o x i d a t i v e  c o u p l i n g  o f  t h e  c o r r e s p o n d i n g
1 - b e n z y l i s o q u i n o l i n e s .  A t t e m p t e d  a c i d - c a t a l y s e d  r e a r r a n g e m e n t s
o f  t h e s e  d i e n o n e s  d i d  n o t ,  h o w e v e r ,  y i e l d  a p o r p h i n e s  b u t
g a v e ,  a f t e r  m é t h y l a t i o n ,  t h e  d i e n o n e s  ( 2 4 $ ;  R^sCO^Et o r
COCF^, R=Me). I t  s h o u l d  be n o t e d  t h a t  c l e a v a g e  o f  t h e  
2* 9”C -C " bond mus t  hav e  o c c u r e d ,  a l o n g  w i t h  c l e a v a g e  o f  
k 10t h e  C -C b o n d ,  s i n c e  t h e  b e n z e n o i d  p a r t  o f  t h e  i s o q u i n o l i n e  
h a s  b e e n  r o t a t e d  t h r o u g h  l 8 0 ^  a l o n g  t h e  C^-C^ a x i s .  I f  
r e a r r a n g e m e n t  by a r y l  m i g r a t i o n  o f  t h e  p r o t o n a t e d  s p e c i e s  
( 2 4 6 )  o c c u r e d ,  t h e n  a  c a rb o n iu m  i o n  w ould  be g e n e r a t e d ,  and  
d é m é t h y l a t i o n  wou ld  t h e n  a f f o r d  t h e  m orph ine ined ienone  ( 2 4 7 ) .
F u r t h e r  p r o t o n a t i o n  c o u l d  t h e n  g e n e r a t e  t h e  c a rb o n iu m  i o n
( 2 4 ? ) ,  an d  a l k y l  m i g r a t i o n  would  t h e n  a f f o r d  t h e  d i e n o n e
( 2 4 $ ) .  T h i s  may be com pared  w i t h  t h e  a c i d - p r o m o t e d  c o n v e r s i o n ^ ^ ^ * ^ ^ ^
o f  a m u r i n e  (2 4 8 )  t o  1 , 2 - d i h y d r o x y - 4 -  - N - m e t h y l a m i n o e t h y l )
6 , 7 - n i e t h y l e n e d i o x y p h e n a n t h r e n e  ( 2 $ 3 ) , where i t  h a s  b e e n
s u g g e s t e d  t h e  i n t e r m e d i a t e  (2 $ 0 )  i s  fo rm ed  i n  a n  a n a l o g o u s
manner  t o  (2 4 $ )  f rom ( 2 4 7 ) ,  and  i s  f u r t h e r  f r a g m e n t e d  t o  (2 $ $ )
by t h e  s e q u e n c e  ( 2 $ 0 ) - ^ ( 2 $ l ) - ^ ( 2 $ 2 ) . P r e s u m a b l y  t h e n ,  t h e
d i e n o n e  (2 4 $ )  d o e s  n o t  f u r t h e r  b r e a k  down a s  i n  (2 $ 0 )  t o
( 2 $ 1 )  due t o  t h e  p h e n o l i c  g ro u p  a t  C-2 w here  an  e x t e n d e d
c o n j u g a t i o n  s y s t e m  (2 $ 4 )  may be p r o m o t e d .
The r e a c t i o n s  o f  2 - b r o m o i s o p h o r o n e ^ ^ ^  ( 2 $ $ )  w a r r a n t  a  
c o m p a r i s o n  w i t h  some o f  t h e  a n n é l a t i o n s  o f  1 - b e n z y l i s o q u i n o l i n e s .  
T h u s ,  t r e a t m e n t  o f  ( 2 $ $ )  w i t h  n u c l e o p h i l e s  a f f o r d s  2 , 3 » 5 -  and  
3 , 4 , $ - t r i m e t h y l p h e n o l ,  where  a m e t h y l  f rom t h e  g e m -d i m e t h y l  
g r o u p  c a n  m i g r a t e  i n  e i t h e r  d i r e c t i o n .  T h i s  may be com pared  
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( 2 4 3 )  t o  a p o r p h i n e s ,  an d  t h e  c h e m i c a l  c o n v e r s i o n  o f  (2 4 4 )  
t o  ( 2 4 3 ) .  A l s o ,  s u b s t i t u t i o n  d o e s  n o t  o c c u r  d i r e c t l y  a t  C-2 
b u t  a t  C -4 ,  an d  t h i s  may be com p ared  w i t h  t h e  d i r e c t  
b i o s y n t h e s i s  o f  a p o r p h i n e s  f rom r e t i c u l i n e  ( v i d e  i n f r a ) .
Enzymes
A l t h o u g h  v a r i o u s  s p e c u l a t i o n s  r e g a r d i n g  t h e  n a t u r e  o f  
t h e  p r o c e s s  o f  o x i d a t i v e  c o u p l i n g s  o f  1 - b e n z y l i s o q u i n o l i n e s  
have  b e e n  made,  l i t t l e  c o n s i d e r a t i o n  h a s  b e e n  g i v e n  t o  t h e  
enzymes  w h ich  p ro m o te  s u c h  c o u p l i n g s .  A g r e a t  d e a l  o f  
v a l u a b l e  work h a s  b e e n  d one ,  b o t h  ' t h e o r e t i c a l '  an d  s y n t h e t i c ,  
on t h e  a s s u m p t i o n  t h a t  t h e  c o u p l i n g  p r o c e s s e s  a r e  by means 
o f  r a d i c a l  i n t e r m e d i a t e s  an d  g e n e r a l l y  d i r a d i c a l s  have  b e e n  
p r o p o s e d  a s  t h e  p r e c u r s o r s  t o  c y c l i z a t i o n s .  I n  t h e  e a r l y  
s t u d i e s  o f  t h e  u s e  o f  c r u d e  enzyme e x t r a c t s  t h e s e  a s s u m p t i o n s  
seemed t o  be v a l i d  s i n c e  t h e  ' o x i d a s e ' enzymes  u s e d  a p p e a r e d  
t o  be o f  a  r a d i c a l  t y p e  s i n c e  t h e y  were d i a m a g n e t i c .  F o r  
e x a m p le ,  c y to c h ro m e  P -4 3 0  i s  d i a m a g n e t i c  an d  a t  f i r s t  i t  was 
p r e s u m e d  t o  be a  o n e - e l e c t r o n  o x i d a n t ,  due t o  t h e  s e q u e n c e  : -
Fe^"^--------- ^  Fe^"^ + e .
I t  was t h e n  a s sum ed  t h a t  t h e  o x i d a t i v e  power  was due o n l y  
t o  t h i s  one e l e c t r o n  c h a n g e ,  t h u s  b e i n g  a  r a d i c a l ,  one e l e c t r o n ,  
o x i d a n t .  T h i s  a s s u m p t i o n  h a s  now b e e n  s h o w n ^ ^ ^ ’^ ^ ^  t o  be i n  
e r r o r  an d  s u c h  o x i d a n t s  a s  c y to c h r o m e  P -4 3 0  ( e g .  f rom l i v e r  
e x t r a c t s )  an d  h o r s e r a d i s h  p e r o x i d a s e  a r e  i n  f a c t  m u l t i e l e c t r o n  
o x i d a n t s  where s u c c e s s i v e  one e l e c t r o n  o x i d a t i o n  c h a n g e s  a r e
’’s t o r e d "  by an  oxygen  m o l e c u l e ,  eg,
55.
F e ( I I )  ----------( F e ( I I ) O ^ - ^  F e ( l l l ) 0 ^ "
low s p i n  low s p i nh i g h  s p i n
A
e . ^  F e d l D O
h y d r o x y l a t i o n  
2 -
- e
e . F e ( I I l ) H  0 ^ e .
V
F e ( I V ) 0
Thus  t h e  e f f e c t i v e  o x i d a n t  i s  p r o b a b l y  0 ^  r a t h e r  t h a n  
F e ( I I l )  • Thus t h e  f o l l o w i n g  o x i d a t i v e  s e q u e n c e  may be 
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Thus  i f  M i s  F e ( I I I )  , t h e n  MO"^  i s  F e ( I I I ) 0 ^  i e .  F e ( l V ) 0
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A l t e r n a t i v e l y ,  when a s u i t a b l e  4 - a l k y l p h e n o l  i s  










Thus e i t h e r  a  b e n z y l i c  a l c o h o l  a n d / o r  a  q u in o n e  m e th id e  may 
be g e n e r a t e d  and  b e n z y l i c  p r o t o n a t i o n  o f  a  q u in o n e  m e t h i d e  
t h e n  g i v e s  t h e  same c a rb o n iu m  i o n  a s  i n  t h e  d i r e c t  p h e n o l i c  
o x i d a t i o n  schem e .  O b v i o u s l y  i t  would  be h i g h l y  d e s i r a b l e  t o  
d e t e r m i n e  w h ich  o f  t h e s e  two schem es  o p e r a t e s  f o r  any 
p a r t i c u l a r  a n n é l a t i o n  o f  a  1 - b e n z y l i s o q u i n o l i n e  a n d  f o r  any  
o t h e r  r e l a t e d  p h e n o l i c  o x i d a t i o n  where b e n z y l i c  o x i d a t i o n  i s  
a l s o  p o s s i b l e .  I n  t h e  d i s c u s s i o n  o f  t h e  b i o s y n t h e s i s  o f  
p a v i n e s  and  i s o p a v i n e s  m e n t i o n e d  e a r l i e r ,  t h e  p o s s i b l e  
a p p l i c a t i o n  o f  t y r o s i n e  (3 -^H )  a s  a  b i o s y n t h e t i c  p ro b e  was 
m e n t i o n e d .  T h i s  r e a g e n t  c o u l d  w e l l  be u s e d  f o r  a  g e n e r a l  
r e i n v e s t i g a t i o n  o f  t h e  b i o s y n t h e s i s  o f  i s o q u i n o l i n e  a l k a l o i d s  
t o  d e t e r m i n e  w h e t h e r  Scheme ( 2 )  i s  o f  any  s i g n i f i c a n c e .
57 .






I n  a d d i t i o n  t o  t h e  r e p o r t e d  r e a c t i o n  o f  0 ( - h y d r o x y -
r e t i c u l i n e  ( 2 2 6 ;  R=H), one o t h e r  i n v e s t i g a t i o n  h a s  b e e n
r e p o r t e d  o f  a  b e n z y l i c  a l c o h o l  a s  p r e c u r s o r  t o  an
i s o q u i n o l i n e .  The a m i n e , ^  - h y d r o x y - O - m e t h y l b e l l a d i n e  (2 5 9 )
137h a s  b e e n  s y n t h e s i z e d  and  u n d e r g o e s  f a c i l e  r i n g  c l o s u r e  
t o  c h e r y l l i n e  ( 2 6 l )  u n d e r  a c i d i c  o r  b a s i c  c o n d i t i o n s .  The 
r e a c t i v e  s p e c i e s  was a p p a r e n t l y  t h e  q u in o n e  m e t h i d e  ( 2 6 0 ) .
T h i s  w a r r a n t s  c o m p a r i s o n  w i t h  n o r b e l l a d i n e  ( 2 6 2 ) ,  r e g a r d e d  
a s  t h e  b i o s y n t h e t i c  p r e c u r s o r  o f  t h e  c r i n i n e - t y p e  o f  a l k a l o i d s ,  
an d  r e l a t e d  com pounds .  F o r  t h i s  c l a s s  o f  a l k a l o i d s ,  e g .  
c r i n i n e  ( 2 6 3 ) ,  i n s t e a d  o f  a r y l  -  b e n z y l  c o u p l i n g ,  a s  i n  ( 2 6 0 ) ,  
a r y l  -  a r y l  c o u p l i n g  i s  r e q u i r e d ,  s u c h  a s  r e p r e s e n t e d  i n  ( 2 6 4 ) .  
Thus t h e  d i f f e r e n c e  be tw e e n  t h e  s t r u c t u r e s  o f  c h e r y l l i n e  ( 2 6 l )  
and  c r i n i n e  ( 2 6 3 ) may be com pared  w i t h  t h e  d i f f e r e n c e s  b e t w e e n  
m o r p h i n a n e d i o n e  and  i s o p a v i n e  a l k a l o i d s .  I t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  i f  a r y l  a n n e l a t i o n ^ ^ ^ ’ ^ ^ ^  o f  0 - m e t h y l n o r b e l l a d i n e  
t o  o x o c r i n i n e  ( I 8 5 ) o c c u r s  t h r o u g h  t h e  q u in o n e  m e th id e  ( 2 6 5 ) ,  
t h e n ,  a s s u m i n g  an  a n t i p e r i p l a n a r  p r o c e s s  t h e  h y d r o g e n
i s  o b t a i n e d  f rom t h e  r e a c t i o n  medium. Thus  i f  t h i s  mechan ism 
were o p e r a t i n g ,  w h e t h e r  i n  ( I 8 5 ) i s  i n  t h e  same o r
t h e  o p p o s i t e  c o n f i g u r a t i o n  a s  i n  n o r b e l l a d i n e  would  d e p e n d  on 
t h e  c o u r s e  o f  e l i m i n a t i o n  o f  h y d r o g e n  d u r i n g  t h e  f o r m a t i o n  
o f  t h e  q u in o n e  m e t h i d e  ( 2 6 5 ) .
R e t u r n i n g  t o  t h e  b i o s y n t h e t i c  p a th w a y s  o f  l - b e n z y l i s o -  
q u i n o l i n e s ,  f o u r  0 , 0 - d i m e t h y l a t e d  d e r i v a t i v e s  o f  ( n o r ) -  
l a u d a n o s o l i n e  (1 3 5 )  e x i s t ,  w here  0 - m e t h y l a t i o n s  o c c u r  i n  
d i f f e r e n t  r i n g s .  These  a r e  ( n o r ) r e t i c u l i n e  (2 6 6 ;  R=H o r  Me),
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(2 6 8 ;  R=H o r  Me),  an d  ( n o r ) 3 * i 7 - 0 , 0 - d i m e t h y l  l a u d a n o s o l i n e  
( 2 6 9 ; R=H o r  Me).  Assuming t w o - e l e c t r o n  o x i d a t i o n  a t  t h e  
i s o q u i n o l i n e  n u c l e u s ,  an d  o c c u r i n g  a t  an  a v a i l a b l e  p h e n o l ,  
t h e n  t h e  a p p r o p r i a t e  o x i d a t i o n  p r o d u c t s  would  be ( 2 7 0 ;  R=H 
o r  Me),  ( 27 I ;  R=H o r  Me),  ( 2 7 2 ;  R=H o r  Me) a n d  (2 7 3 ;  R=H o r  
Me) r e s p e c t i v e l y .  The p o t e n t i a l  c o u r s e s  o f  a n n é l a t i o n  by 
" p h e n o l a t e "  a t t a c k  a r e  t h e n  e v i d e n t ,  and  a r e  shown by t h e  
d o t t e d  l i n e s .  The same a n n é l a t i o n  p o s s i b i l i t i e s  a r e  a l s o  
e v i d e n t  i f  t h e  c o r r e s p o n d i n g  q u in o n e  m e t h i d e s  a r e  e x a m in e d .
C o n s i d e r i n g  e a c h  o f  t h e  f o u r  compounds i n  t u r n  a s  p o t e n t i a l  
p r e c u r s o r s  o f  o t h e r  i s o q u i n o l i n e  a l k a l o i d s ,  on a  m e c h a n i s t i c  
b a s i s  o n l y ,  t h e n : -
1 ( n o r ) r e t i c u l i n e  ( 2 6 6 ) ( 2 7 0 ) f u l l y  a r o m a t i c  1 - b e n z y l ­
i s o q u i n o l i n e  s ,
a p o r p h i n e s ,  
m o r p h i n a n e s ,  
b e r b i n e s ,
3 - h y d r o x y b e r b i n e s ,
p a v i n e s ,
i s o p a v i n e s .
2 ( n o r ) o r i e n t a l i n e  ( 2 6 7 ) ( 2 7 1 )  F u l l y  a r o m a t i c  1 - b e n z y l -
"" i s o q u i n o l i n e s ,
p r o a p o r p h i n e s  (—^ a p o r p h i n e s ) ,
a n d ,  i f  r i n g  c l o s u r e  p a r a
t o  p h e n o l i c  g r o u p s  i s  n o t
b i o s y n t h e t i c a l l y  e s s e n t i a l ,
p a v i n e s ,
i s o p a v i n e s .
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3 ( n o r ) p r o t o s i n o m e n i n e  (268 )  (2 7 2 )  a p o r p h i n e s
m o r p h i n a n e s
b e r b i n e s
e r y t h r i n a  a l k a l o i d s .
4 3 * , 7 - 0 , 0 - d i m e t h y l  l a u d a n o s o l i n e  ( 2 6 9 ) ( 2 7 3 ) no a n n é l a t i o n s ,
E v i d e n c e  a g a i n s t  some p o t e n t i a l  c o n v e r s i o n s  h a s  b e e n  
o b t a i n e d  by means o f  l a b e l l i n g  s t u d i e s .  Thus i t  h a s  b e e n  
shown t h a t  p r o t o s i n o m e n i n e  ( 2 6 8 ;  R=Me) was n o t  i n c o r p o r a t e d
138  139i n t o  m orph ine  i n  P a p a v e r  s o m n i f e r u m , o r  i n t o  s i n o m e n i n e
l 4 0i n  Sinomenium a c u t u m ,  o r  i n t o  b e r b e r i n e  i n  H y d r a s t i s
c a n a d e n s i s . An a p p a r e n t  s u c c e s s  o f  t h e  above  scheme t h o u g h ,  
i s  t h e  im m ed ia te  c h o i c e  o f  ( n o r ) p r o t o s i n o m e n i n e  ( 2 6 8 ) a s  a  
p r e c u r s o r  t o  a p o r p h i n e s  when ( n o r ) r e t i c u l i n e  (2 6 6 )  and  
( n o r ) o r i e n t a l i n e  ( 2 6 7 ) have b e e n  shown t o  be i n e f f e c t i v e  a s  
b i o s y n t h e t i c  p r e c u r s o r s ,  s u c h  a s  t o  some a p o r p h i n e s  o f  
D i c e n t r a  e x i m i a  i n  t h e  e x t e n s i v e  i n v e s t i g a t i o n s ^ ^ ^  by B a t t e r s b y  
e t  a l . An a l t e r n a t i v e  i n t e r m e d i a t e ,  t h e  1 , 2 - d e h y d r o - d e r i v a t i v e  
( 2 7 4 ) o f  p r o t o s i n o m e n i n e  (2 6 8 ;  R=Me) s h o u l d  a l s o  be c o n s i d e r e d .  
The a n h y d r o - b a s e  (2 7 5 )  o f  (2 7 4 )  i s  a  q u in o n e  m e t h i d e  and  
a n n é l a t i o n  c o u l d  c o n c e i v a b l y  o c c u r  a s  shown i n  (27 5 )#  Such  
a n h y d r o - b a s e s  a r e  n o t  w i t h o u t  p r e c e d e n t . T h u s  a n h y d r o -  
N - m e t h y l p a p a v e r o l i n e  ( 2 7 6 ) was o b t a i n e d ^ ^ ^  i n  q u a n t i t a t i v e  
y i e l d  on t r e a t m e n t  o f  t h e  c o r r e s p o n d i n g  h y d r o c h l o r i d e  s a l t  
w i t h  p y r i d i n e ,  an d  v a r i o u s  a n h y d r o - b a s e s  o f  f l a v y l i u m  s a l t s
1 143a r e  known.
I f  t h e  same o x i d a t i v e  p r o c e s s ,  a s  s u g g e s t e d  f o r  t h e  
a n n é l a t i o n s  o f  1 - b e n z y l i s o q u i n o l i n e s  by c a r b o n i u m  i o n s ,  i s
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a p p l i e d  t o  t y r o s i n e ,  t h e n  a s i m i l a r  c a r b o n i u m  i o n  ( 2 7 7 ) may 
be g e n e r a t e d , a n d  a d d i t i o n  o f  h y d r o x i d e  i o n  p> t o  t h e  
c a rb o n i u m  i o n  w ou ld  t h e n  g e n e r a t e  dopa  t h r o u g h  ( 2 7 8 ) .  An 
a l t e r n a t i v e  r e a c t i o n  s e q u e n c e  f o r  (2 7 7 )  i s  t h a t  i n v o l v i n g  
a t t a c k  by c a r b o x y l a t e ,  a s  i n  ( 2 7 9 ) ,  t h u s  l e a d i n g  t o  dopach rom e ,
145 i 4 6  i 4 ?6 - h y d r o x y d o p a m i n e , an d  f o r  p r o d u c t i o n  o f  m e l a n i n s .  ’ ’
I f  a  monomethy l  e t h e r  o f  a  4 , 5 - d i a l k y l - l , 2 - d i p h e n o l  i s  
f u r t h e r  o x i d i z e d  an d  h y d r o x y l a t e d  by a n  i o n i c  p r o c e s s ,  e g .
( 2 8 0 ) ,  t h e n  a  1 , 2 - d i a l k y l - 3 , 4 - d i h y d r o x y - 5 - m e t h o x y b e n z e n e , e g .
( 2 8 1 ) ,  would  be p r o d u c e d .  I f  t h i s  i s  e x t r a p o l a t e d  t o  1 - b e n z y l -  
i s o q u i n o l i n e s  and  r e l a t e d  compounds o f  t y p e  ( 2 8 2 ) ,  o x i d a t i o n  
w ould  t h e n  g i v e  t h e  c a rb o n iu m  i o n  ( 2 8 3 ) ,  w i t h  h y d r o x y l a t i o n  a t  
C -1 0 ,  o r  a t  C-8  ( 2 8 4 ) .  P o s s i b l e  e x a m p le s  o f  t h i s  a r e  c a p a u r i m i n e  
( 2 8 5 ; R=H) an d  c a p a u r i n e  (2 8 5 ;  R=Me). S i m i l a r l y ,  o x i d a t i o n  o f  
" 6 - h y d r o x y - 7 - m e t h o x y " compounds wou ld  g i v e  " 3 , 6 - d i h y d r o x y - 7 -  
m e th o x y ” compounds ( 2 8 6 ) .  T h i s  i s  an  unknown o x y g e n a t i o n  
p a t t e r n  f o r  r i n g  D o f  b e r b i n e s  and  t h i s  i s  c o n s i s t e n t  w i t h
t h i s  c l a s s  o f  a l k a l o i d s  b e i n g  d e r i v e d  o n l y  f rom r e t i c u l i n e .
The o x y g e n a t i o n  p a t t e r n  i s ,  h o w e v e r ,  e x e m p l i f i e d  by t h a l i -  
f e n d l e r i n e  ( 2 8 7 ) an d  h e r n a n d i n e  ( 2 8 8 ) .
Anomalous o x y d a t i o n  p a t t e r n s
A more s e a r c h i n g  t e s t  o f  a  p r e d i c t i v e  method  i s  t h e  
a p p l i c a t i o n  t o  a p p a r e n t l y  a n o m a lo u s  p r o d u c t s .  One o f  t h e  
s i m p l e s t  compounds o f  t h e  1 - b e n z y l i s o q u i n o l i n e  a l k a l o i d s  i s  a n  
a r o m a t i c  e x a m p le ,  t a k a t o n i n e  ( 2 8 9 ) .  A p p l y i n g  t h e  i o n i c  
m echan ism ,  i n  o r d e r  t o  a r o m a t i z e  t h e  p y r i d i n e  r i n g  a  p h e n o l i c
63.
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g ro u p  i s  r e q u i r e d  a t  C-7» so t h e  p r e s u m e d  p r e c u r s o r  o f  
t a k a t o n i n e  would  be (2 9 0 ;  R=H o r  OMe, R^=H),  b e i n g  o x i d i z e d  
t o  t h e  4 - h y d r o x y  a n a l o g u e .  But i f  ( 2 9 0 ;  R=H, R^=OH) were 
t h e  p r e c u r s o r ,  t h e n  m é t h y l a t i o n  a n d  d é m é t h y l a t i o n  wou ld  be 
r e q u i r e d  t o  g e n e r a t e  a  p h e n o l i c  g r o u p  a t  C - 6 ,  and  h en ce  
h y d r o x y l a t i o n  a t  C - 5 ,  a l l  t h i s  o c c u r i n g  w i t h  a  compound 
b e a r i n g  a  b e n z y l i c  h y d r o x y l  g ro u p  o r  on t h e  c o r r e s p o n d i n g  
a r o m a t i c  compound.  A l t e r n a t i v e l y ,  o x i d a t i o n  o f  t h e  6 - h y d r o x y -
7 -m e th o x y  compound (2 9 1 ;  R=H) c o u l d  g i v e  t h e  5 - o x y g e n a t e d  
d e r i v a t i v e  (2 9 1 ;  R=OH o r  OMe), w i t h  s u b s e q u e n t  m é t h y l a t i o n  and  
d é m é t h y l a t i o n  t o  ( 2 9 2 ;  R=H), a  7 - h y d r o x y  compound,  o x i d a t i o n  
o f  w h ich  c o u l d  t h e n  a f f o r d  t a k a t o n i n e  ( 2 8 9 ) .
A l t h o u g h  c r o t o n o s i n e  (294 )  d o e s  n o t  seem a t  f i r s t  t o  f i t
1 4 8 , 1 4 9t h e  r e q u i r e d  p a t t e r n ,  i t  h a s  b e e n  shown t h a t
(+)  c o c l a u r i n e  ( 2 9 3 ) was an  e f f i c i e n t  p r e c u r s o r  o f  
(+)  c r o t o n o s i n e  ( 2 9 4 ) ,  w h e r e a s  (+)  i s o c o c l a u r i n e  (2 9 3 )  was n o t  
i n c o r p o r a t e d  i n  (2 9 4 )  i n  t r a c e r  s t u d i e s .  The o b v i o u s  
i n t e r m e d i a t e  i s  n o r g l a z i o v i n e  ( 2 9 6 ; R=H), w i t h  s u b s e q u e n t  
m é t h y l a t i o n  -  d é m é t h y l a t i o n  t o  a f f o r d  c r o t o n o s i n e  ( 2 9 4 ) .  
S i m i l a r l y ,  h o m o l i n e a r s i n e  (297 )  w ou ld  be e x p e c t e d  t o  d e r i v e  
from ( - )  g l a z i o v i n e  ( 2 9 6 ; R=Me) o r  ( - )  n o r g l a z i o v i n e  ( 2 9 6 ; R=H).
P r e s u m a b l y  t h e  h i t h e r t o  a c c e p t e d  d i r a d i c a l  p r o c e s s  f o r  t h e  
a n n é l a t i o n s  o f  1 - b e n z y l i s o q u i n o l i n e 5 would  r e q u i r e  two 
s e p a r a t e  o n e - e l e c t r o n  o x i d a t i o n s  a t  d i f f e r e n t  s i t e s  on a 
m o l e c u l e .  I t  i s  d i f f i c u l t  t o  e n v i s a g e  s u c h  o x i d a t i o n s  o c c u r i n g  
from two d i f f e r e n t  haeme u n i t s  i n  one enzyme b e c a u s e  o f  s t e r i c  
p r o b l e m s ,  t h e  s i m p l e  haeme u n i t s  b e i n g  much b i g g e r  t h a n  a n  
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haeme u n i t  by movement o f  t h e  1 - b e n z y l i s o q u i n o l i n e  r a d i c a l  
t o  b r i n g  t h e  s e c o n d  s i t e  i n t o  p o s i t i o n  c o u l d  be p o s t u l a t e d .
More s i m p l y ,  t h e  a n n é l a t i o n s  c o u l d  be e f f e c t e d  by a  tw o -  
e l e c t r o n  o x i d a t i o n  where t h e  s i t e  o f  a n n é l a t i o n  i s  c o n t r o l l e d  
by t h e  f o r c e d  c o n f o r m a t i o n  o f  t h e  1 - b e n z y l i s o q u i n o l i n e ,  due 
t o  t h e  c a v i t y  s i z e  an d  s h a p e  above  t h e  o x i d i z i n g  s i t e .  Hence 
many d r a m a t i c a l l y  d i f f e r i n g  enzymes  would  n o t  be r e q u i r e d  t o  
p r o d u c e  t h e  wide r a n g e  o f  a l k a l o i d s  f o u n d .  One p r i n c i p a l  
t y p e , w i t h  v a r i a t i o n s  i n  c a v i t y  a c c e s s  by v i r t u e  o f  v a r i a t i o n s  
i n  t h e  haeme s h e a t h ,  o r  i n  p o s i t i o n  on a c e l l  w a l l ,  c o u l d  w e l l  
g i v e  t h e  o b s e r v e d  v a r i e t y  o f  p r o d u c t s .  I f  b i n d i n g  t o  a  c e l l  
w a l l ,  o r  o t h e r  e x t e r n a l  c o n t r o l ,  p l a y s  a  s i g n i f i c a n t  p a r t  i n  
c o n t r o l  o f  t y p e  o f  p r o d u c t  o f  o x i d a t i o n ,  t h i s  m ig h t  p r o v e  
s u s c e p t i b l e  t o  i n v e s t i g a t i o n  by i s o l a t i o n  o f  enzymes  u n d e r  
’’v i g o r o u s "  c o n d i t i o n s ,  t o  d e s t r o y  s u c h  a t t a c h m e n t s .  By s u c h  
means e x t r a c t s  f rom a p l a n t ,  g i v i n g  n o r m a l l y  a r e s t r i c t e d  r a n g e  
o f  a l k a l o i d s ,  m ig h t  g i v e  a  w i d e r  r a n g e  o f  a l k a l o i d s .
C o n c l u s i o n s
U s i n g  a  f o r m a l  t w o - e l e c t r o n  o x i d a t i o n  o f  i s o q u i n o l i n e s ,  
a  p r e d i c t i v e  t e c h n i q u e  h a s  b e e n  d e r i v e d  w h ich  a p p e a r s  c a p a b l e  
o f  a s s i g n i n g  t h e  c o u r s e  o r  c o u r s e s  o f  o x i d a t i o n s  o f  1 - b e n z y l -  
i s o q u i n o l i n e s  and  r e l a t e d  compounds on t h e  b a s i s  o f  t h e  
m é t h y l a t i o n  p a t t e r n .
DISCUSSION
67.
The key  i n t e r m e d i a t e  t o  a  s y n t h e s i s  o f  b e r b e r a s t i n e  
was c o n s i d e r e d  t o  be t h e  3 - a r y l i s o q u i n o l i n e  ( 2 9 8 ; R + R=0 
o r  R=OMe).
MeO
2 9 8
T h r e e  r o u t e s  t o  s u c h  a compound were i n v e s t i g a t e d  w i t h  
v a r y i n g  d e g r e e s  o f  s u c c e s s .
The I s o c o u m a r i n  r o u t e
T h i s  i n v e s t i g a t i o n  was d e s i g n e d  t o  p a r a l l e l  one o f  t h e
e a r l i e r  s u c c e s s f u l  s y n t h e s e s ^ ^  o f  3 - h y d r o x y b e r b i n e s  by Dyke,
Hardy e t  a l , a s  o u t l i n e d  i n  Scheme ( IX )  (R=H).  F i r s t l y  t h o u g h ,
t h e  know n^^^’ ^^^  2 , 3 - d i m e t h o x y - 6 - i o d o b e n z o i c  a c i d  ( 2 9 9 ;  R=OMe)
was r e q u i r e d .  T h i s  compound h a d  h i t h e r t o  b e e n  o b t a i n e d  by
c o n d e n s a t i o n  o f  2 , 3 - d i m e t h o x y b e n z o i c  a c i d  ( 3 0 6 ) w i t h
152f o r m a l d e h y d e  to  o b t a i n  6 , 7 - d i m e t h o x y p h t h a l i d e  ( 307)1  
s u b s e q u e n t  o x i d a t i o n  to 3 , 4 - d i m e t h o x y p h t h a l i c  a c i d  ( 3 0 8 ) an d  
r e a c t i o n  w i t h  ammonia^^^ t o  g i v e  3 $ 4 - d i m e t h o x y p h t h a l i m i d e
l^Zf
( 3 0 9 )* Hoffman d e g r a d a t i o n  t o  2 , 3 - d i m e t h o x y - o - a m i n o b e n z o i c  
a c i d ,  w i t h  s u b s e q u e n t  d i a z o t i z a t i o n  an d  Sandmeyer i o d i n a t i o n  
t h e n  was r e p o r t e d ^ ^ ^ ’ ^^^  t o  g i v e  t h e  d e s i r e d  2 , 3 - d i m e t h o x y - 6 -  
i o d o b e n z o i c  a c i d  ( 2 9 9 ;  R=OMe), t h i s  t a k i n g  f i v e  s t a g e s  f rom
2 , 3 - d i m e t h o x y b e n z o i c  a c i d .  A c o n s i d e r a b l e  im provem ent  was 
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f o r  o r t h o - i o d i n a t i o n  o f  b e n z o i c  a c i d  
u s i n g  t h a l l i u m  ( I I I )  t r i f l u o r o a c e t a t e  (TTFA).  R e a c t i o n  o f  
b e n z o i c  a c i d  w i t h  TTFA i n  t r i f l u o r o a c e t i c  a c i d  u n d e r  r e f l u x  
and  s u b s e q u e n t  r e a c t i o n  o f  t h e  a p p a r e n t l y  u n c h a r a c t e r i z e d  
o r g a n o t h a l l i u m  i n t e r m e d i a t e  w i t h  a q u e o u s  p o t a s s i u m  i o d i d e  
was r e p o r t e d ^ ^ ^ t o  g i v e  2 - i o d o b e n z o i c  a c i d  ( 2 9 9 ; R=H) i n  
e x c e l l e n t  y i e l d .  T h i s  ty p e  o f  r e a c t i o n  o f  TTFA w i t h  a  v a r i e t y  
o f  s u b s t r a t e s  a n d  s u b s e q u e n t  i o d i n a t i o n  h a s  b e e n  
i n v e s t i g a t e d ^ ^ * ^ ’ ^ ^^  t o  d e t e r m i n e  some o f  t h e  f e a t u r e s  r e q u i r e d  
f o r  o r i e n t a t i o n  c o n t r o l .  I n  t h e  s e r i e s  o f  c a r b o x y l i c  a c i d s  
( 3 1 1 ;  n=0,  1 ,  2 ,  3 ;  R=CO^H), o r  e s t e r s  ( 3 1 1 ;  n=0 ,  1 ,  2 ;
R=CO^Ne) ,  i t  was f o u n d  t h a t  o r t h o - i o d i n a t i o n  o n l y  p r e d o m i n a t e d  
i f  n=0 o r  1 .  S i m i l a r l y ,  f o r  t h e  s e r i e s  o f  a l c o h o l s  (311  ; 
n = l , 2 ,  3 ;  R=OH) o r  m e th y l  e t h e r s  ( 3 1 1 ;  n=0 ,  1 ,  2; R=OMe) i t  
was f o u n d  t h a t  o r t h o - i o d i n a t i o n  p r e d o m i n a t e d  o n l y  f o r  n = l  o r  
2 .  T h i s  i s  c o n s i s t e n t  w i t h  a 3 -  o r  6 -membered  c y c l i c  com plex  
b e i n g  e s s e n t i a l  f o r  o r t h o - r e a c t i o n ,  a n d ,  f o r  a  b e n z o i c  a c i d ,  
a  s t r u c t u r e  s u c h  a s  ( 3 1 2 ) was e n v i s a g e d .
T h a l l y l a t i o n  o f  2 , 3 - d i m e t h o x y b e n z o i c  a c i d  was e f f e c t e d  by 
h e a t i n g  w i t h  TTFA i n  t r i f l u o r o a c e t i c  a c i d  f o r  f i v e  h o u r s  
u n d e r  r e f l u x ,  w i t h  s u b s e q u e n t  r e c o v e r y  o f  t h e  s o l v e n t .  Due 
t o  p r o b l e m s  o f  s o l u b i l i t y  a  PMR s p e c t r u m  o f  t h e  u n c h a r a c t e r i z e d  
o r g a n o t h a l l i u m  i n t e r m e d i a t e  c o u l d  o n l y  be o b t a i n e d  u s i n g  
t r i f l u o r o a c e t i c  a c i d  a s  s o l v e n t .  The s p e c t r u m  was n o t  
s u c c e s s f u l l y  i n t e r p r e t e d  b e c a u s e  a  s i g n a l  was s u s p e c t e d  o f  
b e i n g  masked by t h e  s t r o n g  s o l v e n t  s i g n a l s  a t  c a .  11 p . p . m .
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159I t  was o b v i o u s ,  t h o u g h ,  t h a t  t h e  l a r g e  o r t h o  c o u p l i n g s
( c a .  1025  H z ) ,  o b s e r v e d  f o r  ^ - m e t h o x y p h e n y l t h a l l i u m  ( I I I )
155b i s - t r i f l u o r o a c e t a t e  (513 )  were  n o t  p r e s e n t .  The l o w e s t -
f i e l d  s i g n a l  was o b s e r v e d  a t  a b o u t  11 p . p . m . ,  w h e r e a s  f o r  a  
c o u p l i n g  c o n s t a n t  T1 t o  H o f  a b o u t  1000 Hz,  and  a n  
assum ed  b a s e  p o s i t i o n  o f  a b o u t  7 p . p . m .  o r  420 Hz,  t h e  
l o w e s t - f i e l d  s i g n a l  would  be a t  a b o u t  920 Hz,  o r  1 5 . 3  p . p . m .  
T h i s  l a r g e  d i s c r e p a n c y  would  l e n d  s u p p o r t  t o ,  b u t  n o t  p r o v e , 
t h e  s t r u c t u r e  o f  t h e  o r g a n o - t h a l l i u m  i n t e r m e d i a t e  t o  be 
(3 1 2 ;  R=OMe). R e a c t i o n  o f  t h e  i n t e r m e d i a t e  w i t h  a q u e o u s  
p o t a s s i u m  i o d i d e  gave t h e  6 - i o d o a c i d  ( 2 9 9 ;  R=OMe) i n  83% 
y i e l d  from 2 , 3 - d i m e t h o x y b e n z o i c  a c i d .
The TTFA s a l t  was p r e p a r e d  from t h a l l i u m  ( I I I )  o x i d e  and  
t r i f l u o r o a c e t i c  a c i d  and  t h e  t h a l l i u m  ( I I I )  o x i d e  was d e r i v e d  
from s e v e r a l  d i f f e r e n t  b a t c h e s  o f  v a r y i n g  q u a l i t y .  I t  was 
fo u n d  n e c e s s a r y  t o  c h e c k  t h e  q u a l i t y  o f  d i f f e r e n t  p r e p a r a t i o n s  
o f  TTFA i n  t r i f l u o r a c e t i c  a c i d  by s m a l l  s c a l e  p r e p a r a t i o n s  
o f  t h e  6 - i o d o b e n z o i c  a c i d  (2 9 9 ;  R=OCH^) and  t o  i n c r e a s e  t h e  
T T F A / s u b s t r a t e  r a t i o  a c c o r d i n g  t o  t h e  c o n v e r s i o n  o b t a i n e d .
From s u c h  t r i a l s ,  m i x t u r e s  o f  2 , 3 - d i m e t h o x y b e n z o i c  a c i d  and  
t h e  d e s i r e d  6 - i o d o b e n z o i c  a c i d  ( 2 9 9 ;  R=OMe) were  o b t a i n e d .  
S e p a r a t i o n  was r e a d i l y  e f f e c t e d  by s u b j e c t i n g  t h e  m i x t u r e  t o  
F i s c h e r  e s t é r i f i c a t i o n  w i t h  m e t h a n o l i c  h y d r o g e n  c h l o r i d e .
The s t a r t i n g  m a t e r i a l  was o b t a i n e d  a s  t h e  m e th y l  e s t e r  w h e r e a s  
t h e  6 - i o d o  a c i d  ( 2 9 9 ;  R=OMe) was n o t  e s t e r i f i e d  an d  t h e  
s e p a r a t i o n  was n e a r  q u a n t i t a t i v e .  E s t é r i f i c a t i o n  o f  
( 2 9 9 ;  R=OMe) was r e a d i l y  a c c o m p l i s h e d  w i t h  d i a z o m e t h a n e .
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M e t h y l e n a t i o n  o f  c a t e c h o l  was a c c o m p l i s h e d  by e s s e n t i a l l y  
a  known p r o c e d u r e , w i t h  m in o r  m o d i f i c a t i o n  t o  a v o i d  t h e  
n e e d  f o r  s p e c i a l  e q u i p m e n t .  A c é t y l a t i o n  o f  t h e  r e s u l t a n t  
m e t h y l e n e d i o x y b e n z e n e  w i t h  a c e t i c  a n h y d r i d e  a n d  p e r c h l o r i c  
a c i d  g a v e ^ ^ ^  4 - a c e t y l - l , 2 - m e t h y l e n e d i o x y b e n z e n e  i n  good 
y i e l d ,  and  c o n v e r s i o n  t o  1 - ( 3 , 4 - m e t h y l e n e d i o x y p h e n y 1 ) b u t a n -
1 , 3 - d i o n e  ( 3 0 0 ) was a c c o m p l i s h e d  by r e p e t i t i o n  o f  a  known 
m e t h o d . F r o m  t h e  PME s p e c t r u m  o f  t h e / > - d i k e t o n e  (3 0 0 )  
i t  was c o n c l u d e d  t h a t ,  i n  d e u t e r o c h l o r o f o r m  s o l u t i o n ,  t h e  
compound ( 3 0 0 ) was c a .  85% e n o l i c  ( 3 1 4 ) .
A t t e m p t s  t o  a r y l a t e  t h e ^  - d i k e t o n e  ( 3OO) ,  w i t h  t h e  
6 - i o d o  a c i d  (2 9 9 ;  R=OMe) u s i n g  a l c o h o l i c  so d iu m  a l k o x i d e s  
a n d  v a r i o u s  m e t a l l i c  c o p p e r  c a t a l y s t s  were  u n s u c c e s s f u l ,  
i n  c o n t r a s t  t o  t h e  s u c c e s s f u l  i n v e s t i g a t i o n s  r e p o r t e d ^ ^ * ^ ^ ^  
f o r  a n a l o g o u s  r e a c t i o n s  u s i n g  6 - i o d o b e n z o i c  a c i d .  The c r u d e  
r e a c t i o n  p r o d u c t s  were  i n v e s t i g a t e d  by means o f  t h e i r  PME 
s p e c t r a .  From t h e s e  i t  was c o n c l u d e d  t h a t  t h e  main  p r o d u c t  
( c a .  70% y i e l d )  was a  6 - a l k o x y b e n z o i c  a c i d  ( 3 1 5 ;  R=OMe o r  OEt,  
R^ssOMe) where  m e t h a n o l  o r  e t h a n o l  were u s e d .  F o r  (3 1 5 ;
RsOEt ,  R^sOMe) a  t r i p l e t  a t  1 . 3 1  p . p . m .  ( J = 7  Hz) and  a  q u a r t e t  
a t  3*98  p . p . m .  ( J =7 Hz) were e v i d e n t .  T h a t  s u c h  a  r e a c t i o n  
o c c u r e d  was n o t  t o o  s u p r i s i n g  i n  view o f ,  f o r  e x a m p l e , t h e  
known r e a c t i o n  o f  ( 2 9 9 ;  R=OMe) w i t h  t h e  sod ium  s a l t  o f  b e n z y l  
a l c o h o l  t o  g i v e ^ ^ ° * ^ ^ ^  ( 3 1 5 ; R=OCHgC^H^).
R e p e t i t i o n  o f  t h e  p r e v i o u s l y  r e p o r t e d  r e a c t i o n ^ ^  o f  2 - i o d o -  
b e n z o i c  a c i d  w i t h  t h e  - d i k e t o n e  ( 3 0 0 ) was t h e n  u n d e r t a k e n  
an d  t h e  m a jo r  p r o d u c t  was f o u n d  t o  be 2 - e t h o x y b e n z o i c  a c i d ^ ^ ^  
( 3 1 5 ;  R=OEt, R^=H).  The e x p e c t e d  i s o c o u m a r i n  ( 3 0 2 ;  R=OCH^)
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was a l s o  o b t a i n e d ,  b u t  i n  s l i g h t l y  l o w e r  y i e l d  t h a n  p r e v i o u s l y  
r e p o r t e d .  The PMR s p e c t r u m  o f  2 - e t h o x y b e n z o i c  a c i d  
( 5 1 5 ;  R=OEt, R^=H) e x h i b i t e d  s i g n a l s  a t  1 . 4 5  p . p . m .
( t r i p l e t ,  J = 7 Hz) and  4 . l 6  p . p . m .  ( q u a r t e t ,  J = 7 H z ) .  When 
p o t a s s i u m  t - b u t o x i d e  and  t - b u t a n o l  were u s e d ,  i t  a p p e a r e d  
t h a t  t h e  6 - t - b u t o x y  a c i d s  ( 3 1 5 ;  R=H, R^= 0 - t - B u )  (996 m o l a r )  
an d  ( 3 1 5 ;  R=OCH^, R ^ = 0 - t - B u )  (2596) were fo rm ed  s i n c e  s h a r p  
s i n g l e t  PMR s i g n a l s  were o b s e r v e d  a t  1 . 3 2  p . p . m .  an d  1 . 3 1  
p . p . m .  r e s p e c t i v e l y .  Only  i n  t h e  c a s e  o f  t h e  r e a c t i o n  
i n v o l v i n g  sod ium  e t h o x i d e  and  2 - i o d o b e n z o i c  a c i d ,  was t h e  
m a jo r  a c i d i c  p r o d u c t  i s o l a t e d  an d  c h a r a c t e r i z e d ,  a s  t h e  
known^^^ 2 - e t h o x y b e n z o i c  a c i d .
The a r y l a t i o n  o f  t h e  - d i k e t o n e  (3 0 0 )  w i t h  ( 2 9 9 ;  R=OCH^) 
was s u c c e s s f u l l y  c a r r i e d  o u t  u s i n g  sod ium  h y d r i d e  i n  
d i m e t h y l f o r m a m i d e ^ ^ ^ * a t  r e f l u x  t e m p e r a t u r e .  However ,  
t h e  p r o d u c t  was n o t  t h e  a n t i c i p a t e d  i s o c o u m a r i n  (3 0 2 ;  R=OMe). 
I n  t h e  PMR s p e c t r u m  o f  t h e  p r o d u c t ,  o n l y  one m e th o x y l  g r o u p  
was e v i d e n t ,  a n d ,  f rom t h e  mass s p e c t r u m ,  t h e  m o l e c u l a r  
w e i g h t  was a p p a r e n t l y  3 1 2 .  The p r o d u c t  was e i t h e r  t h e  8 -  
h y d r o x y i s o c o u m a r i n  ( 3 1 6 ;  R=OMe, R^=OH) o r  t h e  7 - h y d r o x y i s o ­
c o u m a r in  ( 3 1 6 ; R=OH, R^sOMe). A l t h o u g h  t h e  p r o d u c t  e x h i b i t e d  
no o b v i o u s  p h e n o l i c  c h a r a c t e r i s t i c s ,  t h u s  was i n s o l u b l e  i n  
a q u e o u s  b a s e s  an d  d i d  n o t  g i v e  a  p o s i t i v e  t e s t  w i t h  f e r r i c  
c h l o r i d e ,  t h i s  c o u l d  w e l l  have  b e e n  due t o  t h e  g e n e r a l l y  low 
s o l u b i l i t y  o f  t h e  compound.  P u r i f i c a t i o n  was a c c o m p l i s h e d  by 
e i t h e r  l i b e r a l  w a s h i n g  w i t h  p o l a r  o r g a n i c  s o l v e n t s ,  o r  by 
vacuum s u b l i m a t i o n .  M é t h y l a t i o n  w i t h  i o d o m e th a n e  and  
p o t a s s i u m  c a r b o n a t e  i n  d im e th y l f o r m a m i d e  gave  t h e  r e q u i r e d
i s o c o u m a r i n  (3 0 2 ;  R=OMe) i n  n e a r  q u a n t i t a t i v e  y i e l d ,  whose 
m o l e c u l a r  w e i g h t  w as ,  by mass s p e c t r o m e t r y ,  3 2 6 .
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I n  t h e  i n f r a r e d  ( IR )  s p e c t r u m  o f  ( 3 0 2 ;  R=OMe) ,  (3 1 6 ;
R=R^=OMe), a b s o r p t i o n  a t  1723 cm. ^ was o b s e r v e d ,  w h e r e a s  
a b s o r p t i o n  was f o u n d  a t  I 67O cm. ^ i n  t h e  d e m e t h y l a t e d  
m a t e r i a l .  S i n c e  t h e s e  a b s o r p t i o n s  were a t t r i b u t e d  t o  t h e  
c a r b o n y l  g r o u p ,  an d  a  l a r g e  d i f f e r e n c e  b e t w e e n  t h e  two 
compounds was e v i d e n t ,  t h e  f r e q u e n c y  d ro p  was c o n s i d e r e d  due 
t o  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  (3 1 7 )  and  t h e  d e m e t h y l a t e d  
m a t e r i a l  was t h e r e f o r e  t h e  8 - h y d r o x y i s o c o u m a r i n  ( 3 1 6 ; R=OMe; 
R^=0H).  B e r b e r r u b i n e  ( 3 1 8 ; R=H),  a  9 - h y d r o x y b e r b i n e  
d e r i v a t i v e ,  o b t a i n e d  by e i t h e r  t r e a t m e n t  o f  o x y b e r b e r i n e  
( 3 1 8 ; R=Me) w i t h  h o t  a c i d s , o r  by h y d r a t i o n  and  t h e r m o l y s i s
169o f  b e r b e r i n e ,  i s  a n  example  o f  a  p r o d u c t  d e r i v e d  f rom 
d é m é t h y l a t i o n  o f  a n  e t h e r  o r t h o  t o  a  c a r b o n y l  g r o u p .
The 7 , 8 - d i m e t h o x y i s o c o u m a r i n  ( 3 0 2 ;  R=OMe) was more 
r e a d i l y  o b t a i n e d  by t r e a t i n g  t h e  c o o l e d  a r y l a t i o n  m i x t u r e ,  
c o n t a i n i n g  t h e  d e m e t h y l a t e d  compound (317) ,  w i t h  i o d o m e th a n e  
and  p o t a s s i u m  c a r b o n a t e .
A t t e m p t s  t o  p r e p a r e  t h e  i s o c a r b o s t y r i l  ( 3 0 3 ;  R=OMe) 
r e a c t i o n  o f  a m i n o a c e t a l  w i t h  t h e  i s o c o u m a r i n  ( 3 0 2 ;  R=OMe)
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were u n s u c c e s s f u l .  Both  i s o c o u m a r i n s  ( 3 0 2 ;  R=OMe) and  
( 3 1 7 ) were o n l y  s l i g h t l y  s o l u b l e  i n  a l c o h o l s  so a s i m p l e  
p r e p a r a t i v e  a n a l o g y  w i t h  e a r l i e r  i n v e s t i g a t i o n s ^ ^  was n o t  
p o s s i b l e .  R e a c t i o n s  c a r r i e d  o u t  i n  e i t h e r  n e a t  a m i n o a c e t a l  
o r  a m i n o a c e t a l  i n  DMF a t  r e f l u x  t e m p e r a t u r e ,  gave  i n t r a c t a b l e  
m i x t u r e s ,  a s  d i d  s i m i l a r  r e a c t i o n s  i n  h o t  d i m e t h y l s u l p h o x i d e  
(DM80) o r  h e x a m e t h y l p h o s p h o r t r i a m i d e  (HMPT). S t i r r i n g  a  
s u s p e n s i o n  o f  t h e  i s o c o u m a r i n  ( 3 0 2 ;  R=OMe) w i t h  a m i n o a c e t a l  
i n  HMPT o r  DMSO f o r  two weeks  a t  a m b i e n t  t e m p e r a t u r e  gave 




c o u p l i n g s  o f  t h e NHCH_CH(OMe)_ —2 2 m e th y l e n e  p r o t o n s  w i t h  b o t h
t h e  p r o t o n  an d  t h e  me t h i n e  p r o t o n  were  o b s e r v e d
( J =  3#3 H z ) .  I n  t h e  IR s p e c t r u m  o f  (319 )  » t h e  b r o a d  
a b s o r p t i o n  ( 165O - I 69O cm. ^ )  i n  t h e  c a r b o n y l  r a n g e  d i d  n o t  
p e r m i t  a  c l e a r  i n t e r p r e t a t i o n ,  b u t  t h e  a b s o r p t i o n  a t  3390  cm. 
was a s c r i b e d  t o  t h e  a m i d i c  h y d r o g e n .
A t t e m p t s  were made t o  c y c l i z e  t h e  k e t o - a m i d e  (3 1 9 )  t o  t h e  
d e s i r e d  i s o c a r b o s t y r i l  (3 0 3 ;  P=OMe), b u t  w i t h o u t  s u c c e s s .
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From t h e  H a u s e r  r e a c t i o n , o r t h o  l i t h i a t i o n
o f  s e c o n d a r y  a m id e s  and  s u b s e q u e n t  c o n d e n s a t i o n  w i t h
e l e c t r o p h i l e s , v a r i o u s  h y d r o x y - a m i d e s  have  b e e n  r e p o r t e d ,
a n d  c y c l i z a t i o n s  t o  a f f o r d  3 , 4 - d i h y d r o i s o c a r b o s t y r i l s  have  
7 8b e e n  c l a i m e d ,  ’ t h o u g h ,  a s  d i s c u s s e d  e a r l i e r ,  s u c h  c l a i m s  
mus t  be t r e a t e d  w i t h  r e s e r v a t i o n  due t o  t h e  s u b s e q u e n t  
i n v e s t i g a t i o n s  by B a i l e y  and  D e G r a z i a . ^ D e s p i t e  t h i s  
c o n f u s i o n ^ s i n c e  a k e t o n e  had  o n l y  t o  be r e d u c e d  t o  a n  a l c o h o l  
t o  p r o v i d e  a s i m i l a r  i n t e r m e d i a t e  t o  t h o s e  used*^’ ^ ’ ^ ’ ^^  f o r  
c y c l i z a t i o n s ,  t h i s  method o f  c y c l i z a t i o n  was i n v e s t i g a t e d .
Me Q /
R e d u c t i o n  o f  t h e  k e t o - a m i d e  (3 1 9 )  t o  t h e  h y d r o x y - a m i d e  
( 3 2 0 ) was r e a d i l y  a c c o m p l i s h e d  w i t h  a q u e o u s  e t h a n o l i c  sod ium  
b o r o h y d r i d e .  I n  t h e  PMR s p e c t r u m  o f  t h e  h y d r o x y - a m i d e  ( 3 2 0 ) ,  
t h e  s i g n a l  f o r  t h e  |-NH^ p r o t o n  was a g a i n  o b s e r v e d  a s  a  
b r o a d  " t r i p l e t "  ( 6 .6 3  p . p . m . , J — 5 H z ) .  The j^ -H(OH^ 
m e t h i n e  p r o t o n  | \ . 7 4  p . p . m . ,  " t r i p l e t " ,  J  =  6 - 7  HzJ an d  
l^ r-CH^-^ m e th y le n e  p r o t o n s  2 . 9  p . p . m . ,  " d o u b l e t " ,
J =  6 - 7  Hzj were  o b s e r v e d  a s  b r o a d  s i g n a l s ,  s h a r p e n i n g  somewhat  
a f t e r  d e u t e r a t i o n .  .The ^-CONHCH^-^ m e t h y le n e  p r o t o n s  were 
o b s e r v e d  a s  a  m u l t i p l e t ,  c e n t r e d  a t  a b o u t  3*8 p . p . m . ,  i n
76,
c o n t r a s t  t o  t h e  a p p a r e n t  t r i p l e t  a n d  p re s u m e d  d o u b l e t  o f  
d o u b l e t s  i n  t h e  p r e c e e d i n g  k e t o - a m i d e  (3 1 9 )#  The m u l t i p l i c i t y  
was p r e s u m a b l y  due t o  n o n - e q u i v a l e n c e  o f  t h e  j^-CONHCH^-^ 
m e t h y l e n e  p r o t o n s ,  t h u s  an  ABXY s y s t e m  was p r e s u m e d  f o r  t h e  
l^-CONHCH^CH^ p r o t o n s .  No a t t e m p t  was made t o  u n r a v e l  t h i s  
complex  s y s t e m  i n  t e r m s  o f  c o u p l i n g  c o n s t a n t s .
On d e u t e r a t i o n ,  t h e  a p p e a r a n c e  o f  t h e  s p e c t r u m  r e f l e c t e d  
t h e  two s t a g e s  i n v o l v e d ,  w i t h  s h a r p e n i n g  o f  t h e  s i g n a l s  a t  
t h e  i n i t i a l  d e u t e r a t i o n  o f  t h e  a l c o h o l  an d  an  i n c r e a s e  i n  
t h e  a p p a r e n t  c o m p l e x i t y  o f  t h e  s i g n a l s  due t o  t h e  m e th in e  
p r o t o n s .  The l a t t e r  was p a r t l y  due t o  t h e  r e m o v a l  o f  t h e  
b r o a d  s i g n a l  i n  t h e  same r e g i o n  due t o  t h e  p r o t o n .
A f t e r  p r o l o n g e d  d e u t e r a t i o n ,  w i t h  m a jo r  l o s s  o f  s i g n a l s  due 
t o  t h e  p r o t o n ,  t h e  o v e r a l l  p a t t e r n  o f  t h e  s i g n a l s
due t o  t h e  j^CONH-CH^-^ m e t h y l e n e  p r o t o n s  c h a n g e d ,  b u t  was 
s t i l l  com plex  due t o  an  ABX s y s t e m ,
C y c l i z a t i o n  o f  t h e  h y d r o x y - a m i d e  (320) w i t h  weak a c i d s  
was a t t e m p t e d .  R e a c t i o n  w i t h  h o t  90% a c e t i c  a c i d  was 
m o n i t o r e d  by i n s p e c t i o n  o f  t h e  IR s p e c t r a  o f  d r i e d  a l i q u o t s ,  
and  i n c r e a s i n g  r e a c t i o n  t i m e  gave an  i n c r e a s i n g l y  s t r o n g  
a b s o r p t i o n  a t  1720  cm. ^ , w i t h  a  c o n c o m i t a n t  d i m i n u t i o n  i n  
a m id ic  a b s o r p t i o n  a t  1643 cm. ^ . I t  was t h e r e f o r e  a s s u m e d ,  
b u t  n o t  p r o v e n ,  t h a t  t h e  i m i n o - i s o c o u m a r i n  ( 3 2 1 ) was f o rm e d ,
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w i t h  s u b s e q u e n t  h y d r o l y s i s  t o  t h e  3 , 4 - d i h y d r o i s o c o u m a r i n  
( 3 2 2 ) .  Use o f  s t r o n g  a c i d s  s u c h  a s  a n h y d r o u s  s u l p h u r i c  o r  
t r i f l u o r o a c e t i c  a c i d s ,  gave  i n t r a c t a b l e  m u l t i c o m p o n e n t  
m i x t u r e s  (by  TLC), p r e s u m a b l y  due t o  a d d i t i o n a l  r e a c t i o n s  
o f  t h e  a c e t a l  g r o u p .
R e a c t i o n  o f  (3 2 0 )  i n  a c e t i c  a c i d  -  m e t h a n o l  s o l u t i o n  was 
i n v e s t i g a t e d ,  t h e  m e th a n o l  b e i n g  o p t i m i s t i c a l l y  ad d ed  a s  a  
d i l u e n t  and  t o  e n a b l e  c o l d e r  r e a c t i o n  c o n d i t i o n s  t o  be 
i n v e s t i g a t e d .  Very l i t t l e  c h a n g e  a p p e a r e d  t o  o c c u r  i n  c o l d  
r e a c t i o n s  b u t ,  a t  r e f l u x  t e m p e r a t u r e ,  one m a jo r  p r o d u c t  was 
o b t a i n e d ,  t h e  IR s p e c t r u m  o f  w h ich  e x h i b i t e d  a b s o r p t i o n s  
a t  3320  cm. ^ an d  I 66O cm. ^ ( b r o a d ) .  Hopes t h a t  t h e  
d e s i r e d  p r o d u c t ,  t h e  3 , 4 - d i h y d r o i s o c a r b o s t y r i l  ( 323)1  h a d  
been  o b t a i n e d ,  and  t h a t  t h e  a b s o r p t i o n  a t  3320  cm. ^ was 
m e r e l y  due t o  m e t h a n o l  s o l v a t e ,  were  r a p i d l y  d a s h e d  on 
e x a m i n a t i o n  o f  t h e  PMR s p e c t r u m  o f  t h e  p r o d u c t .  F o r  
m e t h a n o l ,  i n  d e u t e r o c h l o r o f o r m  s o l u t i o n ,  t h e  m e th y l  p r o t o n s  
g i v e  a s i g n a l  a t  3 . 4 8  p . p . m .  w h e r e a s  t h e  a d d i t i o n a l  ' m e t h y l '  
s i g n a l  was o b s e r v e d  a t  3 . 1 3  p . p . m .  I n  t h e  mass s p e c t r u m  o f  
t h e  p r o d u c t  m/e 447 was e v i d e n t ,  and  i n  t h e  c r u d e  p r o d u c t ,  a  
weak m/e 476 was a l s o  f o u n d .  The s t r u c t u r e  o f  t h e  p r o d u c t  
was t h e r e f o r e  t h e  m e th o x y -am id e  (3 2 4 ;  R=Me) an d  m/e 476 
c o r r e s p o n d e d  t o  t h e  a c e t o x y - a m i d e  (3 2 4 ;  R=Ac).  The m e th o x y -  
amide (3 2 4 ;  R=Me) was p r e s u m a b l y  fo rm ed  t h r o u g h  t h e  
c a rb o n i u m  i o n  ( 3 2 3 ) .  I t  a p p e a r e d  t h a t  t h e  i n t e r m e d i a t e
171c a rb o n iu m  i o n  ( 3 2 3 ) was more r e a d i l y  t r a p p e d  by m e th a n o l  













g r o u p .  I n  a d d i t i o n ,  t h e  oxygen  o f  t h e  am ide g r o u p  was a 
b e t t e r  n u c l e o p h i l e  t h a n  t h e  n i t r o g e n  a to m .  T h i s  was 
s i m i l a r  t o  t h e  r e s u l t s  o f  a l k y l a t i o n  o f  s e c o n d a r y  a m i d e s ^ ^ .
The m e th o x y -am id e  (3 2 4 ;  R=Me) c o u l d  n o t  be c y c l i z e d  
u n d e r  a  v a r i e t y  o f  c o n d i t i o n s  a n d  was t h e r m a l l y  s t a b l e  t o  
o v e r  2 0 0 ° .  When ( 3 2 4 ;  R=Me) was t r e a t e d  w i t h  sod ium 
h y d r i d e  i n  DMF, e f f e r v e s c e n c e  was o b s e r v e d ,  and  p r e s u m a b l y  
t h e  amide a n i o n  ( 3 2 6 ) was fo rm ed  b u t ,  a f t e r  h e a t i n g  a t  
r e f l u x  t e m p e r a t u r e ,  o n l y  ( 3 2 4 ;  R=Me) was r e c o v e r e d .
G e n e r a l  comments on t h e  c o m p l e x i t y  o f  t h e  PMR s p e c t r a  
o f  t h e  h y d r o x y - a m i d e  ( 3 2 2 ) were  a l s o  a p p l i c a b l e  t o  t h e  
m e thoxy -am ide  ( 3 2 4 ;  R=Me) .
R e d u c t i o n  o f  t h e  amide  f u n c t i o n  i n  t h e  k e t o - a m i d e  ( 3 1 9 ) ,
o r  i n  t h e  h y d r o x y -  o r  m e th o x y -a m id e s  (3 2 4 ;  R=H o r  Me)
seemed t o  be t h e  n e x t  s t e p  r e q u i r e d ,  t h u s  e l i m i n a t i n g  t h e
c o m p e t i t i v e  c a r b o n y l  n u c l e o p h i l e .  I t  was t h e n  hop ed  t o
i n v e s t i g a t e  c y c l i z a t i o n  o f  e i t h e r  t h e  k e t o - a m i n e  ( 3 2 7 ;
Rl+ R g s O ) , t h e  h y d r o x y - a m i n e  (R^=H; R^sOH), o r  t h e  m e th o x y -
amine (R^=H, R^=OMe) .  F or  c o n v e n i e n c e ,  r e d u c t i o n  o f  t h e
m e thoxy-am ide  ( 3 2 4 ;  R=Me) w i t h  l i t h i u m  a l u m in iu m  h y d r i d e
was f i r s t  i n v e s t i g a t e d  b u t  w i t h o u t  s u c c e s s  e v e n  when u s i n g
l i t h i u m  a lu m in iu m  h y d r i d e  i n  d i o x a n  a t  r e f l u x  t e m p e r a t u r e .
A s m a l l  amount o f  b a s i c  m a t e r i a l  was o b t a i n e d  by u s i n g
172d i b o r a n e  i n  d ig ly m e  b u t  t h i s  p r o d u c t  m i x t u r e  p r o v e d  
i n t r a c t a b l e .  S i m i l a r  r e s u l t s  were  o b t a i n e d  when r e d u c t i o n s  
were a t t e m p t e d  on t h e  h y d r o x y - a m i d e  (3 2 4 ;  R=H).  W ith  
p r o l o n g e d  and  v i g o r o u s  r e d u c i n g  c o n d i t i o n s  g r e a t e r  am oun ts  
o f  b a s i c  m a t e r i a l  were o b t a i n e d ,  b u t  e x a m i n a t i o n  o f  t h e  c r u d e
8o.
p r o d u c t s  by PMR r e v e a l e d  an  a b s e n c e  o f  s i g n a l s  a r o u n d
1753*3 p . p . m . , h e n c e  t h e  a c e t a l  g r o u p  was e s s e n t i a l l y  l a c k i n g
i n  t h e  p r o d u c t  m i x t u r e .
B o th  im id a t e s ^ * ^ ^ ’ ^*^^ and  i m i d o y l  h a l i d e s ^ * ^ ^ ’ ^*^*^*^*^  ^ may
r e a d i l y  be r e d u c e d  t o  t h e  c o r r e s p o n d i n g  a m i n e s .  A c c o r d i n g l y
t h e  m e th o x y -a m id e  ( 3 2 4 ;  R=Me) was t r e a t e d  w i t h  p h o s p h o r u s
1?8p e n t a c h l o r i d e  i n  p y r i d i n e  a n d  a t t e m p t s  were  made t o  o b t a i n  
t h e  d e s i r e d  i m i d o y l  h a l i d e  ( 3 2 8 ;  R=C1) by c o l d  e x t r a c t i o n  
p r o c e d u r e s  b u t  o n l y  c r u d e  s t a r t i n g  m a t e r i a l  ( 3 2 4 ;  R=Me) was 
o b t a i n e d .  I n  c a s e  v e r y  f a c i l e  h y d r o l y s i s  o f  t h e  i m i d o y l  
h a l i d e  ( 3 2 8 ;  R=C1) were o c c u r i n g ,  r e d u c t i o n  w i t h  sod ium 
b o r o h y d r i d e  was c a r r i e d  o u t  on t h e  c r u d e  r e a c t i o n  m i x t u r e ,  
b u t  a g a i n  o n l y  s t a r t i n g  m a t e r i a l  ( 3 2 4 ;  R=Me) was o b t a i n e d .  
P h o s p h o r u s  p e n t a c h l o r i d e  was s u b s t i t u t e d  by t h i o n y l  c h l o r i d e ,  
b u t  w i t h  no im p ro v e m e n t .  A l c o h o l y s i s  o f  t h e  c r u d e  r e a c t i o n
178m i x t u r e s  was a l s o  i n v e s t i g a t e d ,  b u t  a g a i n  o n l y  c r u d e  
s t a r t i n g  m a t e r i a l  was r e c o v e r e d  an d  t h e r e  was no e v i d e n c e  
t h a t  t h e  i m i d o y l  h a l i d e  (3 2 8 ;  R=C1) was f o r m e d .
The m e th o x y -a m id e  (3 2 4 ;  R=Me) r e a c t e d  r e a d i l y  w i t h  
t r i e t h y l o x o n i u m  t e t r a f l u o r o b o r a t e a n d  t h e  
u n c h a r a c t e r i z e d  i n t e r m e d i a t e  was r e d u c e d  i n  s i t u  w i t h  sod ium  
b o r o h y d r i d e ,  r e s u l t i n g  i n  a com plex  m i x t u r e  o f  b a s e s  (TLC).  
I n v e s t i g a t i o n  o f  t h e  m i x t u r e  by PMR c o n f i r m e d  t h e  c o m p l e x i t y  
o f  p r o d u c t s ,  and  t h e  s p e c t r a  were  n o t a b l e  by t h e  a b s e n c e  o f  
s i g n a l s  a t t r i b u t a b l e  t o  t h e  m e t h y l e n e d i o x y  and  a c e t a l  g r o u p s .  
A l t h o u g h  t h e  c o n d i t i o n s  f o r  t h e  r e a c t i o n  o f  t r i e t h y l o x o n i u m  
t e t r a f l u o r o b o r a t e  were  v a r i e d ,  t h e  n a t u r e  o f  t h e  com plex  
m i x t u r e  o f  b a s e s  c o u l d  n o t  be i m p r o v e d .
8 l .
P r i o r  t o  e n c o u n t e r i n g  t h e  p r o b l e m s  o f  r e d u c i n g  t h e  am ide  
g r o u p ,  a l t e r n a t i v e  m e thods  o f  i n t r o d u c i n g  t h e  a m i n o a c e t a l  
g r o u p  were  c o n s i d e r e d .  One p o s s i b i l i t y  seemed  t o  be t h e  
u s e  o f  a  6 - i o d o b e n z a m i d e  Q$2 9 ; R=H o r  - C H ^ C H C O M e i n s t e a d  
o f  2 , 3 - d i m e t h o x y - 6 - i o d o b e n z o i c  a c i d  ( 2 9 9 ;  R=OMe) i n  r e a c t i o n  
w i t h  ^ , 4 - m e t h y l e n e d i o x y p h e n y l b u t a n - 2 , 4 - d i o n e  ( 3 0 0 ) .
3 2 0 ;  R=CH^CH(OMe)^
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A c c o r d i n g l y ,  b o t h  a m id e s  were  p r e p a r e d  by t r e a t m e n t  o f  2 , 3 -  
d i m e t h o x y - 6 - i o d o b e n z o i c  a c i d  ( 2 9 9 ;  R=OMe) w i t h  t h i o n y l  
c h l o r i d e  t o  o b t a i n  t h e  c o r r e s p o n d i n g  u n c h a r a c t e r i z e d  a c y l  
h a l i d e ,  f u r t h e r  t r e a t m e n t  o f  w h ic h  w i t h  e i t h e r  a q u e o u s  
ammonia o r  w i t h  a m i n o a c e t a l  i n  b e n z e n e  gave ( 3 2 9 ;  R=H) o r
r e s p e c t i v e l y .
One t r i a l  c o n d e n s a t i o n  o f  t h e  a m i d e - a c e t a l  ^ 3 2 9 ;
R=CH2CH( OMe) w i t h  t h e ^  - d i k e t o n e  was u n d e r t a k e n ,  u s i n g  
t h e  same r e a c t i o n  c o n d i t i o n s  a s  f o r  t h e  p r e p a r a t i o n  o f  t h e  
i s o c o u m a r i n  ( 3 1 ? ) •  A p r o d u c t  was o b t a i n e d  i n  s m a l l  y i e l d  
whose IR s p e c t r u m  e x h i b i t e d  a b s o r p t i o n s  a t  l 6 6 0  cm. ^ and  
1720  cm. The p r o d u c t  was f o u n d  (by  TLC) t o  be
c o n t a m i n a t e d  w i t h  a l i t t l e  s t a r t i n g  m a t . e r i a l  b u t  n o t  w i t h
3 , 4 - m e t h y l e n e d i o x y a c e t o p h e n o n e , whose c a r b o n y l  a b s o r p t i o n  
was f o u n d  a t  I 675 cm. The p r o d u c t  a p p e a r e d  t o  c o n t a i n  a
k e t o n e ,  u n l i k e l y  t o  be a d j a c e n t  t o  t h e  3 , ^ - m e t h y l e n e d i o x y -
p h e n y l  g r o u p ,  and  an  a m id ic  group* The p r o b a b l e  s t r u c t u r e  
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i n  4 - b e n z o y l i s o c a r b o s t y r i l s  h a s  b e e n  f o u n d ^ ^ ^ * ^ ^ ^  t o  be w e l l  
be low  1700  cm. ^ , a n d  i n  an a n a l o g o u s  3 - a r y l - 4 - e t h o x a l y l i s o ­
c a r b o s t y r i l  t h e  a b s o r p t i o n  due t o  t h e  k e t o n e  g ro u p  w as^^^  
a t  1666  cm. ^ he n c e  s t r u c t u r e  ( 3 3 1 ) seemed u n l i k e l y .
R e g r e t t a b l y  t h i s  r e a c t i o n  was n o t  i n v e s t i g a t e d  f u r t h e r  s i n c e  
a l l  work on t h i s  r o u t e  was a b a n d o n e d .
C o n d e n s a t i o n  o f  2 , 3 - d i m e t h o x y b e n z y l a m i n e  w i t h  t h e  
j S - d i k e t o n e  ( 3OO) gave t h e  v i n o l o g o u s  amide (3 3 2 )*  The PMR 
s p e c t r u m  o f  ( 3 3 2 ) c l o s e l y  r e s e m b l e d  t h a t  o f  3 i  t h y l e n e -  
d i o x y a c e t o p h e n o n e  i n  t h e  a r o m a t i c  r e g i o n ,  w i t h ,  o f  c o u r s e  
t h e  a d d i t i o n a l  s i g n a l s  due t o  t h e  b e n z y l a m i n o  g r o u p .
Anomalous a t t a c k  a t  t h e  k e t o n i c  g ro u p  a t  C-1 would  g i v e  
compound (3 3 3 ;  R=H) and  l i t t l e  d e s h i e l d i n g  o f  t h e  3 » 4 -  
m e t h y l e n e d i o x y p h e n y l  g ro u p  would  be e x p e c t e d .  Compounds o f  
t y p e  ( 3 3 2 ) were p r e d i c t a b l e  i n  view o f  e a r l i e r  e x a m p le s  o f
n O % •
















c o u r s e  i s  by 1 , 4 -  o r ^  - a d d i t i o n  t o  t h e  e n o l i c  form o f  a  
l 8 4- d i k e t o n e  b u t  t h i s  i s  i n c o n s i s t e n t  w i t h ,  f o r  e x a m p le ,
T O
t h e  o b s e r v a t i o n s  o f  W eygland.  T r e a t m e n t  o f  b e n z o y l a c e t o n e
w i t h  e i t h e r  m e th y l  o r t h o f o r m a t e  o r  d i a z o m e t h a n e , o r  t r e a t m e n t  
o f  t h e  so d iu m  s a l t  o f  b e n z o y l a c e t o n e  w i t h  d i m e t h y l  s u l p h a t e ,  
a l l  a f f o r d e d  t h e  same p r o d u c t ,  4 - m e t h o x y - 4 - p h e n y l b u t - 3 - e n - 2 -  
one ( 3 3 4 ) .  Thus  t h e  e n o l i c  form i s  (3 3 5 )  r a t h e r  t h a n  ( 3 3 6 ) .
I f  s u c h  ' p - a d d i t i o n ’ o f  an  amine were  t o  o c c u r  t h e n  t h e  
p r o d u c t  wou ld  b e ,  f o r  e x a m p le ,  (333 )»  w h e r e a s  compounds o f  
t y p e  ( 3 3 2 )  a r e  o b t a i n e d .  A l t h o u g h  c o n d e n s a t i o n s  o f  a m in e s  
w i t h  2 - b r o m o - 3 - e t h o x y - 3 , 4 - d i p h e n y l p r o p e n o n e  have  been  
r e p o r t e d ,  w i t h  t h e  a p p e a r a n c e  o f  a  r e a c t i o n  c o u r s e  by 
p - a d d i t i o n ,  s u c h  p r o d u c t s  c o u l d  e q u a l l y  w e l l  a r i s e  by 
c o n d e n s a t i o n  a t  t h e  c a r b o n y l  g r o u p .
The c o u r s e  o f  r e a c t i o n  o f  a m in e s  w i t h  p - k e t o  e s t e r s  
a p p e a r s  u n c l e a r  when some e x a m p le s  a r e  c o m p a re d .  Thus r e a c t i o n  
o f  a n i l i n e  w i t h  e t h y l  a c e t o a c e t a t e  g a v e ^ ^ ^ ’ e t h y l  
3 - a n i l i n o c r o t o n a t e  ( 3 3 7 ) ,  w h e r e a s  a  r a n g e  o f  s u b s t i t u t e d  
a n i l i n e s  gave ^ ^ ^ 9 ,1 9 0  ^ ^^ h  e t h y l  a c e t o a c e t a t e ,  N - a c e t o a c e t y l  
d e r i v a t i v e s  ( 3 3 8 ) .  F o r  (3 3 7 )  t h o u g h ,  r e a c t i o n  was c a r r i e d  o u t  
w i t h  a d d i t i o n  o f  some a c e t i c  a c i d ,  w h e re a s  f o r  ( 3 3 8 ) ,  p y r i d i n e  
was a d d e d .  T h i s  i s  c o n s i s t e n t  w i t h  r e p r e s s i o n  o f  c o n d e n s a t i o n  
w i t h  t h e  k e t o n e  by f o r m a t i o n  o f  t h e  e n o l a t e  (339 )»  an d  r e a c t i o n  
a t  t h e  e s t e r  f u n c t i o n  f o r  r e a c t i o n s  i n  t h e  p r e s e n c e  o f  
p y r i d i n e .  C o n v e r s e l y ,  r e p r e s s i o n  o f  e n o l a t e  s a l t  f o r m a t i o n  
by t h e  a d d i t i o n  o f  a  weak a c i d  p r e s u m a b l y  a i d e d  r e a c t i o n  w i t h  
t h e  k e t o n i c  t a u t o m e r  (340 )  o f  a c e t o a c e t i c  e s t e r .
85.
R e a c t i o n  o f  b e n z y l a m i n e  w i t h  a c e t o a c e t i c  e s t e r  was c a r r i e d  
o u t  i n  t h e  a b s e n c e  o f  r e a g e n t s  s u c h  a s  p y r i d i n e  o r  a c e t i c  a c i d  
t o  a f f o r d  N - a c e t o a c e t y l  b e n z y l a m i n e  ( 3 3 8 ;  R=C^H^CH^-) a s  th e  
o n l y  i s o l a t e d  p r o d u c t .
The a m i n o a c e t a l  r o u t e
A c o n v e n i e n t  and  v e r s a t i l e  s y n t h e s i s  o f  i s o q u i n o l i n e s
i n v o l v e s  t h e  a c i d - p r o m o t e d  c y c l i z a t i o n s  o f  b e n z y l a r a i n o -  
1 9 2 . 1 9 3 . 1 9 4a c e t a l s ,  p a r t i c u l a r l y  where t h e  a r o m a t i c  r i n g  b e a r s
a c t i v a t i n g  a l k o x y  s u b s t i t u e n t s .  The r e s u l t a n t  4 - h y d r o x y -
1 , 2 , 3 » 4 - t e t r a h y d r o i s o q u i n o l i n e s  may t h e n  be r e d u c e d  o r  o x i d i z e d
t o  remove t h e  h y d r o x y l  g r o u p ,  o r  t h e  h y d r o x y l  f u n c t i o n  may be
d i s p l a c e d  by n u c l e o p h i l e s .
The d e s i r e d  compound was t h e  3 - a r y l - 4 - h y d r o x y - 1 , 2 , 3 , 4 -
t e t r a h y d r o i s o q u i n o l i n e  (3 4 1 ;  R=OH), r e d u c t i o n  o f  w h ich  t o
(3 4 1 ;  R=H) would  t h e n  be n e c e s s a r y ,  and  f u r t h e r  c o n v e r s i o n  t o
b e r b e r a s t i n e  wou ld  t h e n  p a r a l l e l  p r e v i o u s  i n v e s t i g a t i o n s  by
Dyke an d  H a r d y . T h e  a c e t a l  p r e c u r s o r  was t h e r e f o r e
o ^ - ( 2 , 3 - d i m e t h o x y b e n z y l a m i n o ) - 3  » 4 - m e t h y l e n e d i o x y p h e n y l -
a c e t a l d e h y d e  d i m e t h y l a c e t a l  ( 3 4 l ) .  The known u n s u b s t i t u t e d
a n a l o g u e  (3 4 5 )  h a s  b e e n  p r e p a r e d ^ ^ ^  by c o n d e n s a t i o n  o f
b e n z y l a m i n e  (3 4 2 )  w i t h  g l y o x a l  m o n o a c e t a l  ( 3 4 3 ) » and  r e a c t i o n
o f  p h e ny lm agnes ium  brom ide  w i t h  t h e  im ine  (3 4 4 )  t o  o b t a i n
( 3 ^ 5 ) .  I n  o r d e r  t o  e x t r a p o l a t e  t h e  r e a c t i o n  s e q u e n c e  (3 4 2 )  t o
( 3 4 5 ) t o  o b t a i n  t h e  d e s i r e d  a m i n o a c e t a l  ( 3 4 1 ) ,  two known
195compounds ,  2 , 3 - d i m e t h o x y b e n z y l a m i n e  and  3 » 4 - m e t h y l e n e d i o x y -
196phen y lm ag n es iu m  b r o m i d e ,  would  be r e q u i r e d .  O t h e r






3 4 0 3 4 1


























o f  g l y o x a l  m o n o a c e t a l  d i f f i c u l t  t o  r e p r o d u c e  an d  y i e l d s ,  i f
a n y ,  were  a b s y m a l .  P r e l i m i n a r y  i n v e s t i g a t i o n s  c o n f i r m e d  t h e
d i f f i c u l t i e s  an d  a n  a l t e r n a t i v e  s y n t h e s i s  o f  ( 3 ^ 1 )  was s o u g h t .
Two p o s s i b l e  s y n t h e t i c  a p p r o a c h e s  t o  ( 3 ^ 1 )  may r e a d i l y  be
e n v i s a g e d ,  c o n d e n s a t i o n  o f  2 , 3 - d i m e t h o x y b e n z a l d e h y d e  w i t h
( X - a m i n o - 3 , 4 - m e t h y l e n e d i o x y p h e n y l a c e t a l d e h y d e  (3 4 6 )  o r
c o n d e n s a t i o n  o f  2 , 3 - d i m e t h o x y b e n z y l a m i n e  w i t h  3 , 4 - m e t h y l e n e -
d i o x y p h e n y l g l y o x a l  d i m e t h y l a c e t a l  ( 3 4 ? ) •
199a
P h e n y l g l y o x a l  a c e t a l s  a r e  known and  a  c o n v e n i e n t
p r e p a r a t i o n  h a s  b e e n  t h r o u g h  c o n d e n s a t i o n  o f  b e n z o a t e  e s t e r s
(3 4 8 )  w i t h  d i m e t h y l  s u l p h o x i d e  i n  b a s i c  s o l u t i o n . T h e
r e s u l t a n t / 3 - k e t o s u l p h o x i d e  (3 4 9 ;  R=H) h a s  b e e n  s u b m i t t e d  to
202a Pummerer r e a r r a n g e m e n t  i n  m e t h a n o l .  The i n t e r m e d i a t e
h e m i t h i o a c e t a l  may be c o n v e r t e d  t o  t h e  a c e t a l ,  ( 3 4 ? ;  R=H), by
t r a p p i n g  m e t h a n e t h i o l  by o x i d a t i o n  t o  d i m e t h y l d i s u l p h i d e  w i t h
i o d i n e .  T h i s  s e q u e n c e  o f  r e a c t i o n s  was s u c c e s s f u l l y  c a r r i e d
o u t  u s i n g  m e th y l  p i p e r o n y l a t e  ( 3 4 8 ;  R + R= -OCH^O-). The
/ 5 - k e t o s u l p h o x i d e  ( 3 4 9 ;  R + R= -OCH^O-) was o b t a i n e d  i n  84%
201y i e l d  by a p p l i c a t i o n  o f  a  known p r o c e d u r e .  T h a t  ( 3 4 9 ;
R + R= -OCH^O-) e x i s t e d  a s  shown, r a t h e r  t h a n  i n  t h e  e n o l i c  
form (3 5 3 )»  was e v i d e n c e d  from i t s  IR s p e c t r u m ,  w i t h  
a b s o r p t i o n  a t  I 665  cm. I n  t h e  PMR s p e c t r u m  o f  ( 3 4 9 ;  R + R=
-OCH^O-), t h e  s i g n a l s  f o r  t h e  ^-COCH^-^ m e t h y l e n e  p r o t o n s  were 
o b s e r v e d  a s  a  p a i r  o f  d o u b l e t s  ( 4 . 1 5  and  4 . 4 3  p . p . m . ,
J  l 4  H z ) .  A l t h o u g h ^ - k e t o s u l p h o x i d e s  do n o t  a p p e a r  t o  hav e  
b e e n  i n v e s t i g a t e d  i n  t h e  PMR s e n s e ,  t h e  n o n - e q u i v a l e n c e  o f  
m e t h y l e n e  p r o t o n s  a d j a c e n t  t o  a  s u l p h o x i d e  g r o u p  h a s  b e e n  t h e  
s u b j e c t  o f  i n v e s t i g a t i o n s .
88.
From t r e a t m e n t  o f  (RR/SS) an d  ( R S / S R ) - O C - d e u t e r o b e n z y l -  
t “ b u t y l s u l p h o x i d e  w i t h  n - b u t y l l i t h i u m ,  and  q u e n c h i n g  t h e  
a n i o n  w i t h  w a t e r ,  i t  was show n^^^*^^^  t h a t  t h e  p r o - ( R ) -  
h y d r o g e n ,  o r  d e u t e r i u m ,  i n  t h e  ( R ) - s u l p h o x i d e  was more a c i d i c  
t h a n  t h e  P r o - ( 8 ) - h y d r o g e n .  T h u s ,  i f  i t  i s  a s su m ed  t h a t  t h e  
m o l e c u l a r  c o n f o r m a t i o n  i s  a s  i n  p r o j e c t i o n  ( 3 5 4 ) ,  t h e n  t h e  
c a r b a n i o n  i s  t r a n s  t o  t h e  o x y g e n ,  w i t h  maximum s e p a r a t i o n  o f  
c h a r g e .  U s in g  t h e  a rg u m e n t  o f  maximum c h a r g e  s e p a r a t i o n  f o r  
t h e  c a r b o n y l  an d  s u l p h o x i d e  g r o u p s ,  t h e  c o n f o r m a t i o n  o f  ( 3 4 9 )  
would  t h e n  be ( 3 5 8 ) ,  o r  t h e  c o r r e s p o n d i n g  e n a n t i o m e r .  Thus  
b o t h  h y d r o g e n s  would  be gauche  t o  t h e  s u l p h o x i d e  oxygen  and  
s t e r i c  c o n t r o l  by c h i r a l i t y  o f  t h e  s u l p h o x i d e  wou ld  n o t  a p p e a r  
t o  be a s  s t r o n g  a s  i n  t h e  c a s e  o f  s u l p h o x i d e s  l a c k i n g  t h e  
^ - c a r b o n y l  g r o u p ,  a p a r t  from p r o b l e m s  o f  e n o l i z a t i o n .
A P u m m e re r - ty p e  r e a r r a n g e m e n t  o f  (3 4 9 )  was a c c o m p l i s h e d  
i n  95% y i e l d  by h e a t i n g  a t  r e f l u x  t e m p e r a t u r e  i n  a  m e t h a n o l i c  
i o d i n e  s o l u t i o n  f o r  a t  l e a s t  two h o u r s .  W i th  s h o r t e r  r e a c t i o n  
t i m e s  some e v i d e n c e  f o r  t h e  h e m i t h i o a c e t a l  i n t e r m e d i a t e  
( 3 5 1 ;  R + R= -OCH^O-) was o b t a i n e d .  I n  t h e  PMR s p e c t r u m  o f  
c r u d e  ( 3 5 2 ) o b t a i n e d  from a h a l f - h o u r  r e a c t i o n ,  a  s i g n a l  a t  
2 . 1 0  p . p . m .  was a t t r i b u t e d  t o  t h e  p r o t o n s  on t h e  S - m e t h y l  
g r o u p  i n  (351 ; R + R= -OCH^O-) (23% ).  The s i g n a l  f o r  t h e  
m e t h i n e  p r o t o n  was o b s e r v e d  a t  3 .0 8  p . p . m .  ( s i n g l e t ) ,  so  t h e  
p r o d u c t  had  n o t  f u r t h e r  r e a r r a n g e d  t o  a f f o r d  3» 4 - m e t h y l e n e -  
d i o x y p h e n y l g l y o x a l  d i m e t h y l k e t a l ^ ^ ^  where t h e  " m e t h i n e ” p r o t o n  































195The oxime o f  2 , 3 - c l i m e t h o x y b e n z a l d e h y d e  was r e a d i l y
p r e p a r e d  by a  s t a n d a r d  p r o c e d u r e , a n d  r e d u c t i o n  t o  2 , 3 -
195d im e th o x y b e n z y la m in e  was a c c o m p l i s h e d  u s i n g  z i n c  an d
g l a c i a l  a c e t i c  acid^*^*^ a t  5 5 - 7 0 ° .  The r e a c t i o n  was s e n s i t i v e  
t o  b o t h  w a t e r  c o n t e n t  an d  t e m p e r a t u r e .  U s i n g  " w e t"  a c e t i c  
a c i d  ( w a t e r  c o n t e n t  > 5 % )»  s i g n i f i c a n t  q u a n t i t i e s  o f  n o n - b a s i c  
m a t e r i a l  were o b t a i n e d  and  i d e n t i f i e d  from s p e c t r a  ( I R ,  NMR) 
a s  2 , 3 - d i m e t h o x y b e n z y l  a l c o h o l .  Use o f  h i g h e r  t e m p e r a t u r e s  
( > 7 5 ° )  gave t h e  N - a c e t y l  d e r i v a t i v e  o f  2 , 3 - dime t h o x y b e n z y l ­
amine  a s  a  m a jo r  p r o d u c t .  The r e d u c t i o n  was a t t e m p t e d  w i t h  
o t h e r  r e a g e n t s  s u c h  a s  l i t h i u m  a lu m in iu m  h y d r i d e ,
197n i c k e l  a lu m in iu m  a l l o y  and  a q u e o u s  sod ium h y d r o x i d e ,  o r  
m e t h a n o l i c  sod ium b o r o h y d r i d e  a n d  n i c k e l ( l l ^ c h l o r i d e ,  
b u t  w i t h  l e s s  s u c c e s s .  The change  i n  t h e  PMR s p e c t r u m  o f  t h e  
h y d r o c h l o r i d e  o f  2 , 3 - d i r a e th o x y b e n z y l a m i n e  on d e u t e r a t i o n  was 
m a rk e d .  The s i g n a l s  due t o  t h e  a r o m a t i c  p r o t o n s  c o l l a p s e d  
f rom a m u l t i p l e t  ( 6 . 9 5  -  7 . 2  p . p . m . ) t o  a  s i n g l e t  ( 7 . 1  p . p . m . )  
and  t h e  b r o a d  m e t h y l e n e  s i g n a l  a t  c a .  3*95 p . p . m .  became a 
s h a r p  s i n g l e t  a t  4 . 0 1  p . p . m .
C o n d e n s a t i o n  o f  t h e  2 , 3 - d i m e t h o x y b e n z y l a m i n e  an d  t h e  k e t o -  
a c e t a l  ( 3 5 2 )  was e f f e c t e d  i n  t o l u e n e  u n d e r  r e f l u x  u s i n g  a 
Dean a n d  S t a r k  w a t e r  s e p a r a t o r .  The c r u d e  im in e  (3 5 9 )  was 
n o t  p u r i f i e d ,  b u t  was r e d u c e d  i n  a l c o h o l i c  s o l u t i o n  w i t h  sod ium 
b o r o h y d r i d e  t o  o b t a i n  a m i x t u r e  o f  b a s e s .  S e p a r a t i o n  was 
e a s i l y  e f f e c t e d  by column c h r o m a t o g r a p h y  t o  o b t a i n  t h e  d e s i r e d  
s e c o n d a r y  amine  ( 3 4 l ) .
91.
The a p p e a r a n c e  o f  t h e  PMR s p e c t r u m  o f  ( 3 4 l )  was v e r y
d e p e n d e n t  on c o n c e n t r a t i o n .  I n  " d i l u t e "  s o l u t i o n ,  s i g n a l s
f o r  t h e  |^H(OCH^)J m e th in e  p r o t o n  were o b s e r v e d  a s  a
d o u b l e t  ( 4 . 2 2  p . p . m . , J  = 7 Kz ) ,  and  s i g n a l s  f o r  t h e  NH-CH
m e t h i n e  p r o t o n  were  p resum ed  b e n e a t h  t h o s e  f o r  t h e  a r o m a t i c
m e th y l  e t h e r s .  However ,  i n  more c o n c e n t r a t e d  s o l u t i o n ,  t h e
m e t h i n e  p r o t o n s  were  o b s e r v e d  a s  a  d o u b l e t  ( 4 . 4 8  p . p . m . ,
J  = 7 Hz) and  d o u b l e t  o f  d o u b l e t s  ( 4 . 2 2  p . p . m . ,  J  = 7 Hz a n d
2 H z ) .  The s m a l l e r  c o u p l i n g  was p re sum ed  due t o  t h e  |j-NH-J
p r o t o n ,  t h o u g h  t h e  " s i g n a l "  due t o  t h e  j^NHj p r o t o n  was
o b s e r v e d  a s  a  b r o a d  s i g n a l  ( 2 . 5  t o  2 . 8  p . p . m . ) .  I n  d i l u t e
solution, the signals due to the |^CH-(OCH^)J protons were
o b s e r v e d  a s  e s s e n t i a l l y  a p a i r  o f  s i n g l e t s  a t  5 . 1 2  p . p . m .
and  3 .2 8  p . p . m . , w h e r e a s  i n  c o n c e n t r a t e d  s o l u t i o n  a  s e r i e s
o f  f o u r  s i g n a l s  o f  a p p r o x i m a t e l y  e q u a l  i n t e n s i t y  were o b s e r v e d .
I t  a p p e a r e d  t h a t  i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  was o f
s i g n i f i c a n c e  i n  c o n c e n t r a t e d  s o l u t i o n ,  w h e r e a s  i n t r a m o l e c u l a r
h y d r o g e n  b o n d in g  p r e d o m i n a t e d  on d i l u t i o n .  Two m a jo r  t y p e s
o f  h y d r o g e n  bonded  s t r u c t u r e s ,  (3 ^ 0 )  an d  ( 3 6 I ) c o u l d  be
212e n v i s a g e d .  The NMR s p e c t r a  o f  b o t h  2 , 3 - d i m e t h o x y b e n z y l -  
a r a i n o a c e t a l  ( 3 ^ 2 ;  R=H) and  t h e  N -m e th y l  d e r i v a t i v e  ( 3 ^ 2 ;  R=Me) 
were v e r y  s i m i l a r ,  and  t h e  s i g n a l s  f o r  t h e  m e th y l  p r o t o n s  o f  
t h e  a c e t a l  g ro u p  were  o b s e r v e d  a s  s i n g l e t s  i n  b o t h  c a s e s ,  a n d  
t h e  s i g n a l s  f o r  t h e  a r o m a t i c  m e th o x y l  p r o t o n s  were  o b s e r v e d  
a s  two s i n g l e t s  w i t h  t h e  same s e p a r a t i o n  f o r  b o t h  ( 3 6 2 ; R=H) 
a nd  ( 3 6 2 ; R=Me), so  h y d r o g e n  b o n d in g  o f  t y p e  ( 3 6 3 )$ s i m i l a r  
t o  ( 3 6 1 ) ,  seemed u n l i k e l y  t o  be o f  s i g n i f i c a n c e  i n  an  NMR s e n s e .
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Only  p a r t i a l  N - m e t h y l a t i o n  o f  ( 3 4 l )  was a c h i e v e d  u s i n g  
f o r m a l d e h y d e  and  sod ium b o r o h y d r i d e ,  b u t  n e a r  q u a n t i t a t i v e  
N - m e t h y l a t i o n  was o b t a i n e d  u s i n g  f o r m a l d e h y d e  an d  f o r m i c  a c i d ,  
w i t h o u t  s i g n i f i c a n t  c l e a v a g e  o f  t h e  a c e t a l .  I n  t h e  PMR 
s p e c t r u m  o f  t h e  t e r t i a r y  amine ( 3 6 4 ) ,  no m a jo r  c h a n g e s  were  
e v i d e n t  on d i l u t i o n  and  t h e  s i g n a l s  f o r  t h e  a c e t a l  m e th y l  
p r o t o n s  were o b s e r v e d  a s  two t h r e e - p r o t o n  s i n g l e t s  a t  
3 .3 0  p . p . m .  and  3*43  p . p . m .  I n  d i l u t e  s o l u t i o n ,  t h e  
c o r r e s p o n d i n g  s i g n a l s  i n  t h e  s p e c t r u m  o f  t h e  s e c o n d a r y  amine  
( 3 4 1 ) were  o b s e r v e d  a t  3 . 1 2  p . p . m .  and  3 .2 8  p . p . m . , w h e r e a s  
i n  c o n c e n t r a t e d  s o l u t i o n ,  t h e  f o u r  s i g n a l s  were  fo u n d  a t  
3 . 1 3 » 3 . 2 2 , 3 .2 9  an d  3 .3 9  p . p . m . ,  w i t h  t h e  s i g n a l s  a t  
3 .2 2  p . p . m .  and  3 . 3 9  p . p . m .  d e c r e a s i n g  on d i l u t i o n .  T hese  
o b s e r v a t i o n s  were c o n s i d e r e d  f u r t h e r  e v i d e n c e  f o r  
i n t r a m o l e c u l a r  h y d r o g e n  b o n d in g  f o r  t h e  s e c o n d a r y  amine  ( 3 4 l ) .
R in g  c l o s u r e  o f  t h e  s e c o n d a r y  a m i n o a c e t a l  ( 3 4 1 )  was 
e f f e c t e d  w i t h  6n a q u e o u s  h y d r o c h l o r i c  a c i d  an d  t h e  3 - a r y l - 4 -  
h y d r o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  ( 3 6 3 ) was o b t a i n e d  i n  
p o o r  ( 18%) y i e l d .  T h i s  compound p r o v e d  r e s i s t a n t  t o  
h y d r o g e n o l y s i s , e v e n  i n  t h e  p r e s e n c e  o f  s t r o n g  a c i d s ,  an d  t h e  
a r o m a t i c  3 - a r y l i s o q u i n o l i n e  ( 3 6 6 ) was n o t  o b t a i n e d  w i t h  
e t h a n o l i c  i o d i n e ,  o r  w i t h  N - b r o m o s u c c in i m id e  an d  s u b s e q u e n t  
t r e a t m e n t  o f  t h e  u n c h a r a c t e r i z e d  i n t e r m e d i a t e  w i t h  s t r o n g  
m i n e r a l  a c i d s .
From t h e  r e s i s t a n c e  o f  ( 3 6 3 ) t o  d e h y d r a t i o n ,  i t  seemed  
l i k e l y  t h a t  t h e  C-3  h y d ro g e n  and  C-4 h y d r o x y l  were c i s  an d  
n o t  s u s c e p t i b l e  t o  a n t i p e r i p l a n a r  e l i m i n a t i o n .  From 






















and  t h e  m e t h y l e n e  p r o t o n s  a t  C-1 were o b s e r v e d  a s  a  d o u b l e t  
o f  d o u b l e t s  a t  4 . 3 2  and  3*92 p . p . m .  ( J  = 15 H z ) .  I n  t h e  IR 
s p e c t r u m  o f  (36 5 )  (CHBr^),  t h e  a b s o r p t i o n s  a t  3530 cm. ^ 
and  3200  cm, ^ d i d  n o t  change  i n  p o s i t i o n  on d i l u t i o n  and  
t h a t  a t  3530  cm, ^ was a t t r i b u t e d  t o  an  i n t r a m o l e c u l a r l y -  
bonded  h y d r o x y l  g r o u p .  The r e s u l t s  were  c o n s i s t e n t  w i t h  t h e  
c i 5 - 3 - e q u a t o r i a l - a r y l , 4 - a x i a l - h y d r o x y l  g r o u p s  i n  an  
i n t r a m o l e c u l a r l y  bonded  c o n f o r m e r ,  s u c h  a s  ( 3 6 7 ) o r  t h e  
c o r r e s p o n d i n g  e n a n t i o m e r ,  where t h e  d i h e d r a l  a n g l e  b e t w e e n
O3 -H
80° .
a n d L s -" ] was m e a s u re d  on a D r i e d i n g  model  a s  a b o u t
I n  t h e  example  o f  3 - p i p e r i d i n o l  ( 3 6 8 ) ,  f rom s p e c t r o s c o p i c
213s t u d i e s  i t  h a s  b e e n  shown t h a t  t h i s  compound e x i s t s  i n
s o l u t i o n  i n  t h e  i n t r a m o l e c u l a r l y  bonded  fo rm ( 3 6 9 ) .
R e g r e t t a b l y  t h e  p r o b le m  o f  b e n z y l i c  c a r b o n i u m  i o n s  and
p o s s i b l e  f o r m a t i o n  o f  4 - a l k o x y  d e r i v a t i v e s  ( v i d e  i n f r a ) f rom
t h e  p r e s e n c e  o f  a l c o h o l s  was n o t  a p p r e c i a t e d  a t  t h e  t i m e  o f
t h e s e  e x p e r i m e n t s  an d  c y c l i z a t i o n s  were  c a r r i e d  o u t  i n
a q u e o u s  m e t h a n o l i c  m e d ia .  T h i s  a l m o s t  c e r t a i n l y  c o n t r i b u t e d
t o  t h e  p r o b l e m s  o f  t h i s  r e a c t i o n  w i t h  t h e  l i k e l y  f o r m a t i o n
o f  4 -m e th o x y  d e r i v a t i v e s  (3 7 0 ;  R=OMe o r  O E t ) .
H y d r o g e n o l y s i s  c y c l i z a t i o n  m i x t u r e  was a l s o  i n v e s t i g a t e d
i n  t h e  hope  o f  o b t a i n i n g  t h e  t e t r a h y d r o i s o q u i n o l i n e
( 3 7 0 ; R=H), b u t  w i t h o u t  s u c c e s s .  C hem ica l  r e d u c t i o n s  o f  ( 3 6 5 )
were  a l s o  i n v e s t i g a t e d ,  a n d ,  by h e a t i n g  u n d e r  r e f l u x  i n  
2 l 4f o r m i c  a c i d  t h e  h y d r o x y l  g r o u p  was rem oved  b u t  a  m i x t u r e  
was o b t a i n e d ,  w h ich  a p p e a r e d  t o  c o n t a i n  t h e  N - fo rm y l  
d e r i v a t i v e  o f  ( 3 7 0 ;  R=H) and  t h e  N - f o r m y l - 1 , 2 - d i h y d r o i s o -
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q u i n o l i n e  ( 3 7 1 ) .  P re s u m a b l y  0 - f o r m y l a t i o n  and  r e s u l t a n t  
l o s s  o f  f o r m a t e  gave a c a r b o n i u m  i o n  a t  C - 4 ,  an d  t h e  
s u b s e q u e n t  l o s s  o f  t h e  C-3 h y d r o g e n  was n o t  t h e r e f o r e  
l i m i t e d  by s t e r e o c h e m i c a l  e n v i r o n m e n t .
At t h i s  s t a g e ,  q u a n t i t i e s  o f  m a t e r i a l s  -  and  y i e l d s  -  
were  s m a l l  and  c o n c u r r e n t  i n v e s t i g a t i o n s  o f  t h e  t h i r d  r o u t e  
were  f a r  more p r o m i s i n g ,  so a t t e m p t s  t o  o b t a i n  B e r b e r a s t i n e  
by t h i s  r o u t e  were  a b a n d o n e d .
The D e o x y b e n z o in  r o u t e
B e r b i n e s ,  p a r t i c u l a r l y  3 - h y d r o x y b e r b i n e s , have  b e e n
2 9 , 4 2o b t a i n e d  from 1 , 2 - d i a r y l e t h y l a m i n e s , a s  m e n t i o n e d
e a r l i e r ,  and  a key  s t e p  h a s  b e e n  t h e  r e a c t i o n  o f  an  amine  
29w i t h  g l y c i d o l  t o  a f f o r d  a 3 - a m i n o p r o p a n - l , 2 - d i o l .  T h i s  
t y p e  o f  r e a c t i o n  h a s  been  f o u n d  t o  be d i f f i c u l t  r e g a r d i n g  
y i e l d s  an d  r e p r o d u c i b i l i t y .  C o n d e n s a t i o n  o f  a m i n o a c e t a l  
w i t h  a  d e o x y b e n z o i n  and  s u b s e q u e n t  r e d u c t i o n  was c o n s i d e r e d  
t o  be p o t e n t i a l l y  b e t t e r .  A c c o r d i n g l y  a  r o u t e  t o  t h e  
d e o x y b e n z o i n  ( 3 7 2 ) was r e q u i r e d .
215A l t h o u g h  many r o u t e s  t o  k e t o n e s  a r e  known, few
seem ed  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  o f  a  d e o x y b e n z o i n  w here  
t h e  a r y l  g r o u p s  d i f f e r e d .  A f u l l  r e v i e w  o f  m e thods  o f  
o b t a i n i n g  d e o x y b e n z o i n s  h a s  n o t  b e e n  u n d e r t a k e n .  A v e r s a t i l e  
r o u t e  was c o n s i d e r e d  d e s i r a b l e ,  an d  t h r e e  s u c h  r o u t e s  were  
c o n s i d e r e d .
A p h o s p h o r a n e ,  ( 3 7 3 ) ,  d e r i v e d  from a b e n z y l  h a l i d e ,  
h a s  b e e n  r e a c t e d ^ ^ ^ ’ wi t h  b e n z o n i t r i l e  ( 3 7 4 )  t o  a f f o r d .
96,
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a f t e r  b a s e - p r o m o t e d  h y d r o l y s i s ,  d e o x y b e n z o i n  ( 3 7 6 ) .  S u i t a b l e
b e n z a l d e h y d e s  a r e  commonly a v a i l a b l e ,  an d  t h e i r  c o n v e r s i o n
t o  b e n z y l  h a l i d e s  a n d  b e n z o n i t r i l e s  would  a f f o r d  n e c e s s a r y
r e a g e n t s  so  t h i s  r o u t e  a p p e a r e d  i n t e r e s t i n g .
R e a r r a n g e m e n t  o f  c h a l c o n e s ,  e g .  (377 )»  w i t h  t h a l l i u m
(III) n i t r a t e  i n  m e t h a n o l  was r e p o r t e d  t o  a f f o r d  ’
^ - k e t o a c e t a l f ,  e g .  ( 3 ^ 2 ) ,  w h ich  may be h y d r o l y t i c a l l y
d e f o r m y l a t e d  t o  d e o x y b e n z o i n s  i n  m o d e ra t e  y i e l d .  S i n c e  3 » 4 -
m e t h y l e n e d i o x y a c e t o p h e n o n e  had  b e e n  p r e p a r e d  f o r  o t h e r
i n v e s t i g a t i o n s ,  t h i s  r o u t e  o f f e r e d  no p r o b l e m s  r e g a r d i n g
a c c e s s i b i l i t y  o f  s t a r t i n g  m a t e r i a l s .
The third route was that of alkylation of an oc-amino- 
PPO PPI PPP
nitrile. * * Such alkylations with benzyl halides
o f  o ( - a m i n o n i t r i l e s  d e r i v e d  from b e n z a l d e h y d e s ,  have  b e e n
220  221investigated by Hauser et al ’ and similar alkylations
222have been reported by Welvart. Treatment of an N,N-
d i a l k y l a m i n o n i t r i l e  ( 3 ^ 3 )  w i t h  a s t r o n g  b a s e ,  p o t a s s i u m  a m id e ,
a f f o r d s  a  c a r b a n i o n  ( 3 8 4 ) ,  w h ich  may be a l k y l a t e d  t o  g i v e
( 3 8 3 ) .  T he rm a l  o r  b a s e - p r o m o t e d  d e h y d r o c y a n a t i o n  t h e n  g i v e s
an  enam ine  ( 3 8 6 ) w h e r e a s  h y d r o l y s i s  g i v e s  a k e t o n e  ( 3 8 7 ) .
T h i s  r o u t e ,  b e c a u s e  o f  i t s  p r o v e n  v e r s a t i l i t y ,  was c h o s e n  f o r
investigation.
B e f o r e  e m b a r k in g  on a  s y n t h e s i s  o f  b e r b e r a s t i n e ,  t h e
u t i l i t y  o f  t h e  b e n z y l a t i o n  o f  an  a m i n o n i t r i l e  a s  a  r o u t e  t o
deoxybenzoins was briefly investigated. Preparation of
N , N - d i e t h y l - ( X r - c y a n o - 3 , 4 - m e t h y l e n e d i o x y b e n z y l a m i n e  ( 3 8 8 ) was
r e a d i l y  a c c o m p l i s h e d  i n  h i g h  y i e l d  by m o d i f i c a t i o n  o f  known 
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( 3 8 8 ) ,  t h e  m e t h y l e n e  p r o t o n s  o f  t h e  d i e t h y l a m i n o  g ro u p  
gave r i s e  t o  two q u a r t e t s  ( 2 . 5 3  and  2 . 6 l  p . p . m . ,  J  = 7*3 Hz) 
w h e r e a s  o n l y  one t r i p l e t  f o r  b o t h  m e th y l  g r o u p s  was o b s e r v e d  
( 1 . 0 7  p . p . m . ,  J  = 7 . 3  H z ) .
The g e n e r a l  p r o c e d u r e  u s e d  f o r  a l k y l a t i o n s  was t o  t r e a t
t h e  a m i n o n i t r i l e  ( 3 8 8 ) i n  DMF w i t h  sod ium h y d r i d e  u n d e r
n i t r o g e n ,  a n d , a f t e r  s e v e r a l  h o u r s ,  t o  add  t h e  a p p r o p r i a t e
b e n z y l  c h l o r i d e .  E v a p o r a t i o n  o f  t h e  r e s u l t a n t  s o l u t i o n  an d
s t i r r i n g  t h e  r e s i d u e  i n  2N s u l p h u r i c  a c i d  an d  d i c h l o r o m e t h a n e
o v e r n i g h t  a f f o r d e d  t h e  a p p r o p r i a t e  d e o x y b e n z o i n .  T h re e  b e n z y l
225h a l i d e s  were u s e d ,  t h e s e  b e i n g  3 , 4 - d i m e t h o x y b e n z y l  c h l o r i d e  
( 3 8 9 *, R=Me), 2 - n i  t  r o - 4 , 5 -me t h y  l e  ne d io x y  b e n z y l  
c h l o r i d e ^ ^ ^ * ' 2 2 9 , 23O (^(^q) and 3 - b e n z y l o x y - 4 - m e t h o x y -  
b e n z y l  c h l o r i d e ^ ^ ^ * ( 3 8 9 ;  RzzPhCH^-). M o d e ra te  y i e l d s  o f  
t h e  a p p r o p r i a t e  d e o x y b e n z o i n s  were  o b t a i n e d  i n  e a c h  c a s e  a n d  
no a t t e m p t s  were  made t o  o p t i m i z e  r e a c t i o n  c o n d i t i o n s .  I n  
one c a s e ,  a l k y l a t i o n  w i t h  3 »4 - d i m e t h o x y b e n z y l  c h l o r i d e  
( 3 8 9 ; R=Me), h y d r o l y s i s  was o n l y  c a r r i e d  o u t  f o r  one h o u r  an d  
from t h e  m i x t u r e  o f  p r o d u c t s  b o t h  t h e  d e o x y b e n z o i n  ( 3 9 1 ;  R=Me) 
and  t h e  a l k y l a t e d  a m i n o n i t r i l e  ( 3 9 2 ) were i s o l a t e d ,  and  
s e p a r a t e  h y d r o l y s i s  o f  (392 )  gave  t h e  d e o x y b e n z o i n  ( 3 9 1 ;  R=Me).  
I n  t h e  PMR s p e c t r u m  o f  ( 3 9 2 ) ,  t h e  b e n z y l i c  m e t h y l e n e  p r o t o n s  
were f o u n d  t o  be n o n - e q u i v a l e n t  and  s i g n a l s  were o b s e r v e d  a t  
3 .4 9  p . p . m .  ( J  = 13  Hz) and  2 . 8 2  p . p . m .  ( j  = 13  H z ) .  Two 
q u a r t e t s  f o r  t h e  m e t h y l e n e  p r o t o n s  o f  t h e  d i e t h y l a m i n o  g r o u p  
were  a g a i n  o b s e r v e d ,  a t  2 . 7 7  p . p . m .  and  2 . 8 0  p . p . m .  ( J  = 7 . 5  Hz) 
a t  n o t i c a b l y  l o w e r  f i e l d  ( ^ ^ £ a .  0 . 2  p . p . m . )  t h a n  f o r  t h e  
a m i n o n i t r i l e  ( 3 8 8 ) .  The m e thoxy1 p r o t o n s  gave r i s e  t o  two
100,
s i n g l e t  s i g n a l s ,  a t  3 .6 3  p . p . m .  and  3»80  p . p . m . ,  t h u s  s t r o n g  
s h i e l d i n g  o p e r a t e d ,  a f f e c t i n g  t h e  s u b s t i t u e n t s  a t  C-3 an d  C-4  
t o  d i f f e r e n t  d e g r e e s .  The s i g n a l s  f o r  t h e  j^-OCH^O*^ p r o t o n s  
t h o u g h ,  were o b s e r v e d  a s  a  s i n g l e t  a t  3*93 p . p . m . ,  t h i s  
p o s i t i o n  b e i n g  s l i g h t l y  h i g h e r  t h a n  f o r  t h o s e  i n  ( 3 8 8 )
( 3 . 9 9  p . p . m . ) .  From t h e  h i g h  f i e l d  p o s i t i o n  ( 6 . 1 7  p . p . m . )  an d  
c o u p l i n g  c o n s t a n t  ( J  = 2 H z ) ,  t h i s  d o u b l e t  was a t t r i b u t e d  t o  
t h e  I^C^-H^ p r o t o n .  The e x p e c t e d  p o s i t i o n  f o r  t h i s  p r o t o n  was
c a l c u l a t e d ,  a l l o w i n g  o n l y  f o r  t h e  e f f e c t  o f  t h e
g r o u p s ,  a s  ^ 7 . 2 7 - 0 . 4 3 - 0 . 0 9 j ,  o r  6 . 7 3  p . p . m .  Thus  an  a d d i t i o n a l  
s h i e l d i n g  e f f e c t  o f  O.3 8  p . p . m .  r e m a i n e d  u n e x p l a i n e d .  The 
I^C^-hJ p r o t o n  was o b s e r v e d  a s  a  d o u b l e t  o f  d o u b l e t s  
( J  = 2 Hz and  8 . 3  Hz) a t  6 . 4 7  p . p . m . ,  w h e r e a s  a  s i m i l a r  
c a l c u l a t i o n  a s  b e f o r e  would  g i v e  t h e  p o s i t i o n  a s  6 .8 1  p . p . m . ,  
w i t h  a d i f f e r e n c e  o f  0 . 3 4  p . p . m .  S i m i l a r l y ,  t h e  d i f f e r e n c e  
b e t w e e n  o b s e r v e d  ( 6 .7 0  p . p . m . )  an d  c a l c u l a t e d  ( 6 .7 5  p . p . m . )  
was 0 . 0 3  p . p . m .  The s h i e l d i n g  e f f e c t  on t h e  a r o m a t i c  r i n g  was 
n o t  t h e r e f o r e ,  s y m m e t r i c a l  a l o n g  t h e  1 - 4  a x i s  w i t h  f r e e  
r o t a t i o n .  The g r o s s  e f f e c t  was p r e s u m a b l y  due t o  t h e  cyano  
g r o u p .  I f  t h e  m e t h y l e n e d i o x y p h e n y l  g ro u p  were  t h e  c a u s e  a 
s i m i l a r  e f f e c t  on t h a t  r i n g  would  be e x p e c t e d ,  b u t  t h i s  was 
n o t  o b s e r v e d .  No e x p l a n a t i o n  o f  t h e  d i f f e r e n t  s h i e l d i n g s  a t  
C-2 an d  C- 6  i s  o f f e r e d ,  o t h e r  t h a n  c o n f o r m a t i o n a l  r e s t r i c t i o n s  
due t o  t h e  3 - m e t h o x y l  g roup  and  t h e  r e s t  o f  t h e  m o l e c u l e .
A p a r t  from p r o v i d i n g  a c o n v e n i e n t  r o u t e  t o  d e o x y b e n z o i n s ,  
a  n o t a b l e  a p p l i c a t i o n  o f  t h e  a l k y l a t i o n  o f  a m i n o n i t r i l e 5 h a s  
b e e n  t o  t h e  s y n t h e s i s  o f  a m in e s  by Dyke and  W h i t e .
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F o r  e x a m p le ,  t h e  u s e  o f  m e t h y l a m i n o a c e t a l  i n  t h e  p r e p a r a t i o n  
o f  a m i n o a c e t a l s  gave  s u c h  compounds  a s  ( 3 9 3 ) i an d  by a l k y l a t i o n  
w i t h  h o m o p i p e r o n y l  c h l o r i d e  w i t h  s u b s e q u e n t  t h e r m o l y t i c  





R e d u c t i o n  t h e n  a f f o r d e d  t h e  a m i n o a c e t a l  ( 3 9 3 ) .  A m i n o a c e t a l s  
o f  t y p e  (3 9 3 )  a r e  key  compounds i n  t h e  s y n t h e s e s  o f  i s o p a v i n e s .  
No work h a s  y e t  b e e n  r e p o r t e d  on t h e  u s e  o f  b e n z y l  h a l i d e s  
b e a r i n g  d e a c t i v a t i n g  g r o u p s ,  s u c h  t h a t  t h e  i n i t i a l l y  fo rm ed  
l - b e n z y l - 4 - h y d r o x y - l , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  would  n o t  be 
s u s c e p t i b l e  t o  c o n v e r s i o n  t o  a  p a v i n e  o r  i s o p a v i n e .
C o n d e n s a t i o n  o f  t h e  d e o x y b e n z o i n  ( 3 9 1 ;  R=CH^Ph) w i t h  am in o ­
a c e t a l  was e f f e c t e d  i n  t o l u e n e  a t  r e f l u x  t e m p e r a t u r e  an d  t h e  
r e s u l t a n t  p r o d u c t  was n o t  i s o l a t e d  b u t  r e d u c e d  w i t h  e t h a n o l i c  
sod ium  b o r o h y d r i d e  t o  a f f o r d  t h e  a m i n o a c e t a l  (3 9 6 ;  R=CH^Ph) 
i n  44% y i e l d .  W he the r  t h e  u n c h a r a c t e r i z e d  i n t e r m e d i a t e  was i n  
t h e  im in e  o r  enam ine  form was n o t  d e t e r m i n e d .  I n  t h e  IR 
s p e c t r u m  o f  t h e  c r u d e  c o n d e n s a t i o n  p r o d u c t  t h e  a b s o r p t i o n  a t  
1670  cm. ^ was a p p r o x i m a t e l y  h a l f  t h a t  o f  p u r e  d e o x y b e n z o i n  
( 3 9 1 ; P=CH^Ph) and  i t  was c o n c l u d e d  t h a t  t h e  c o n d e n s a t i o n  was
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o n l y  £ a .  50% e f f e c t i v e  and  was t h e  l i m i t i n g  f a c t o r  i n  t h e  
o v e r a l l  y i e l d .  S i n c e  t h i s  m o d e ra t e  y i e l d  was c o n s i d e r e d  
a d e q u a t e  no a t t e m p t s  were  made t o  im prove  i t .  From t h e  PMR 
s p e c t r u m  o f  (3 9 6 ;  R=CH^Ph), i t  a p p e a r e d  t h a t  g e m in a l  m e th y l e n e  
p r o t o n s  were  e q u i v a l e n t  s i n c e  o n l y  s i m p l e  AB c o u p l i n g s  were  
o b s e r v e d  an d  c o u p l i n g s  i n v o l v i n g  t h e  p r o t o n  was n o t
d e t e c t e d .  I n  t h e  IR s p e c t r u m  o f  (3 9 6 ;  R=CH^Ph), t h e  
a b s o r p t i o n  a t  3320  cm. ^ was a t t r i b u t e d  t o  t h e  |^NH^ g r o u p .
Removal  o f  t h e  p h e n o l i c  b e n z y l  g ro u p  was r e a d i l y
a c c o m p l i s h e d  by c a t a l y t i c  h y d r o g e n a t i o n  a t  a t m o s p h e r i c  p r e s s u r e
u s i n g  10% P a l l a d i u m  on c h a r c o a l  a s  c a t a l y s t .  Both  a m in es
( 3 9 6 ; R=CH^Ph) an d  (3 9 6 ;  R=H) were  c r y s t a l l i z e d  from p e t r o l s .
I n  t h e  IR s p e c t r u m  o f  t h e  p h e n o l i c  amine  ( 3 9 6 ;  R=H),  a  weak
a b s o r p t i o n  a t  3300  cm. ^ was a t t r i b u t e d  t o  t h e  amino g r o u p
by c o m p a r i s o n  w i t h  t h e  p r e c u r s o r  (3 9 6 ;  R=CH^Ph) and  t h e  s t r o n g
a b s o r p t i o n  a t  3520  cm. ^ was a t t r i b u t e d  t o  t h e  p h e n o l i c  g r o u p .
The PMR s p e c t r u m  o f  (3 9 6 ;  R=H) was n o t i c a b l y  d i f f e r e n t  t o  t h a t
o f  t h e  p r e c u r s o r  ( 3 9 6 ;  R=CH^Ph). The s i g n a l s  f o r  t h e  b e n z y l i c
m e t h y l e n e  p r o t o n s  were  no l o n g e r  o b s e r v e d  a s  a  d o u b l e t  b u t  a s
a m u l t i p l e t  and  t h e  p r o t o n s  were t h e r e f o r e  n o n - e q u i v a l e n t  and
a  c o n c o m i t a n t  c o m p l e x i t y  o f  t h e  s i g n a l s  a t t r i b u t a b l e  t o  t h e
b e n z y l i c  m e th in e  p r o t o n  was a l s o  e v i d e n t .  The b r o a d  s i g n a l  a t
2 . 0  p . p . m . ,  a t t r i b u t e d  t o  t h e  p r o t o n  i n  t h e  PMR s p e c t r u m
o f  t h e  p r e c u r s o r  ( 3 9 6 ;  R=CH^Ph) was no l o n g e r  e v i d e n t .  I n s t e a d
a  t w o - p r o t o n  s i n g l e t  was o b s e r v e d  a t  3*90  p . p . m .  ( d e u t e r a b l e ) ,
and  was a t t r i b u t e d  t o  b o t h  t h e  ^OHj and  p r o t o n s .
234The c u s t o m a r y  P i c t e t - S p e n g l e r  c y c l i z a t i o n s  o f  
p h e n e t h y l a m i n e s  w i t h  a l d e h y d e s  u n d e r  a c i d  c o n d i t i o n s  a f f o r d s
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o n l y  r i n g  c l o s u r e s  p a r a  t o  a n  a l k o x y l  g r o u p ,  a n d  some o f  
t h e  a s p e c t s  o f  r i n g  c l o s u r e s  u n d e r  n e u t r a l ,  o r  " p h y s i o ­
l o g i c a l ,  " c o n d i t i o n s  have  b e e n  d i s c u s s e d  e a r l i e r .  The 
P i c t e t - S p e n g l e r  r e a c t i o n  i s  a  p a r t i c u l a r  t y p e  o f  t h e  more 
g e n e r a l  Mannich  r e a c t  i o n .  R e a c t i o n  o f
fo r m a l d e h y d e  w i t h  a  p h e n e t h y l a m i n e  f i r s t  g i v e s  an  N - h y d r o x y -  
m e t h y l  d e r i v a t i v e ,  e g .  (39 7 )»  w h ich  may be d e h y d r a t e d  t o  a n  
im in ium  compound,  a n d  t h e  l a t t e r  i s  s u s c e p t i b l e  t o  
n u c l e o p h i l i c  a t t a c k  a s  shown i n  ( 3 9 8 ) .
O t h e r  e x a m p le s  o f  Mannich  r e a c t i o n s  i n v o l v i n g  p h e n o l s  
w a r r a n t  c o n s i d e r a t i o n .  R e a c t i o n  be tw e e n  p h e n o l ,  
f o r m a l d e h y d e  an d  d i m e t h y l a m i n e  was r e p o r t e d ^ ^ ^ ’ ^^^  t o  g i v e  
b o t h  2 - N , N - d i m e t h y l a m i n o m e t h y l p h e n o l  ( 3 9 9 )  a n d  2 , 6 - b i s -  
( N , N - d i m e t h y l a m i n o m e t h y l ) p h e n o l  ( 4 0 0 ) ,  i l l u s t r a t i n g  t h e  
s u s c e p t i b i l i t y  o f  p h e n o l  t o  i n i t i a l  o r t h o -  r a t h e r  t h a n  p a r a -
s u b s t i t u t i o n .  A s i m i l a r  r e a c t i o n  o f  g u a i c o l  w i t h
240f o r m a l d e h y d e  a n d  m e t h y l a m i n o a c e t a l  was r e p o r t e d  t o  g i v e ,
a f t e r  c y c l i z a t i o n  a n d  h y d r o g e n o l y s i s ,  p r o d u c t s  r e s u l t i n g
2 1f rom b o t h  p a r a - s u b s t i t u t i o n  ( 4 0 1 ;  R =0H, R =H) (28%) a n d
o r t h o - s u b s t i t u t i o n  ( 4 0 1 ;  R^=H, R^=OH) (68% ) .  S i n c e  s u c h
Mannich  r e a c t i o n s  a n d  t h e  " p h y s i o l o g i c a l "  r i n g  c l o s u r e s
a r e  c a r r i e d  o u t  u n d e r  a p p r o x i m a t e l y  n e u t r a l  o r  m i l d l y  b a s i c  
241c o n d i t i o n s ,  i n  c o n t r a s t  t o  t h e  a c i d i c  c o n d i t i o n s  g e n e r a l l y  
em p loyed  f o r  t h e  P i c t e t - S p e n g l e r  r e a c t i o n s ,  c o n t r i b u t i o n  o f  
p h e n o x i d e  s t r u c t u r e s  were  c o n s i d e r e d .  Thus  a  mechan ism 
s u c h  a s  (4 0 2 )  c o u l d  be p o s t u l a t e d  a s  p r o v i d i n g  t h e  r o u t e  t o  
o r t h o -  r a t h e r  t h a n  p a r a -  r i n g  c l o s u r e .
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A ssuming  t h a t  t h e  r e l a t i v e  s i g n a l  p o s i t i o n s  o f  a r o m a t i c
p r o t o n s  i n  PMR s p e c t r a  o f  b e n z e n e  d e r i v a t i v e s  a r e
r e p r e s e n t a t i v e  o f  r e l a t i v e  e l e c t r o n  d e n s i t i e s ,  t h e n  t h e
a r g u m e n t  f o r  p h e n o x i d e s  a s  k e y  i n t e r m e d i a t e s  f o r  o r t h o  r i n g
c l o s u r e  seemed  w eak .  From i n v e s t i g a t i o n s  i n  DM80, t h e  c h a n g e
i n  p o s i t i o n  o f  a n  o r t h o  p r o t o n  on  c o n v e r s i o n  o f  a  p h e n o l  t o
2lf2 243a  p h e n o l a t e  was r e p o r t e d  * t o  l i e  i n  t h e  r a n g e  0*42  t o
0*59 p . p . m . , w h e r e a s  t h e  p a r a  s h i f t  i s  0 . 7 1  t o  0 . 7 9  p . p . m .
I t  h a s  a l s o  b e e n  c a l c u l a t e d  t h a t  t h e  c h a r g e  d e n s i t y  a t  t h e
p a r a  p o s i t i o n  was g r e a t e r  t h a n  t h a t  a t  t h e  o r t h o  p o s i t i o n
f o r  p h e n o l a t e s ,  t h o u g h  t h e  r e v e r s e  a p p l i e d  t o  p h e n o l s .  I t
t h e r e f o r e  seemed u n l i k e l y  t h a t  t h e  mechanism (4 0 2 )  i s  o f
s i g n i f i c a n c e  i n  p r o m o t i n g  o r t h o -  r a t h e r  t h a n  p a r a -  r i n g
c l o s u r e .  C y c l i c  mechemisms s u c h  a s  r e p r e s e n t e d  by ( 4 0 3 ) ,
244have  b e e n  p r o p o s e d  t o  e x p l a i n  t h e  p r e p o n d e r a n c e  o f  o r t h o ­
s u b s t i t u t e d  p r o d u c t s  i n  t h e  M ann ich  r e a c t i o n  o f  p h e n o l s ,  b u t  
t h i s  t y p e  o f  mechan ism c a n n o t  be d i r e c t l y  e x t r a p o l a t e d  t o  a n  
i n t r a m o l e c u l a r  r i n g  c l o s u r e .  The n e a r e s t  s i m p l e  a n a l o g i e s  
would  r e q u i r e  i n t e r m e d i a t e s  o f  t y p e  (4 0 4 )  o r  ( 4 0 5 ) .
R e a c t i o n  o f  t h e  p h e n o l i c  am ine  ( 3 9 ^ ;  RzCH^Ph) w i t h  a q u e o u s  
m e t h a n o l i c  f o r m a l d e h y d e  gave  a  m i x t u r e  o f  p r o d u c t s  d e r i v e d  
f rom b o t h  o r t h o -  (4o 6 ;  R=OH, R^=H) a n d  p a r a -  ( 406 ;  R=H, R^sOH) 
r i n g  c l o s u r e  an d  s e p a r a t i o n  was e f f e c t e d  by PLC t o  a f f o r d  
two compounds ,  A a n d  B.
'O,
4 0  6
106,
The PMR s p e c t r a  o f  b o t h  A, (406; R=OH, R^=H), a n d  B,
(4o6; R=sH, R =0H), were  v e r y  s i m i l a r *  I n  b o t h  c a s e s  t h e  
s i g n a l s  f o r  t h e  v a r i o u s  m e t h y l e n e  p r o t o n s  w ere  o b s e r v e d  a s  
m u l t i p l e t s .  P a r t i c u l a r l y  n o t i c a b l e  i n  b o t h  s p e c t r a  w ere  a  
g ro u p  o f  f o u r  a p p r o x i m a t e l y  e v e n l y  s p a c e d  s i g n a l s  a t  2.4 t o  
2 . 7  p . p . m . ,  s h o w in g  s i g n s  o f  f u r t h e r  f i n e  s p l i t t i n g .  By 
c o m p a r i s o n  w i t h  t h e  p r e c u r s o r  (396; R=H) i t  a p p e a r e d  t h a t  t h e s e  
s i g n a l s  were  due t o  t h e  ( OCH^) j  m e t h y l e n e  p r o t o n s
an d  p r e s u m a b l y  were  p a r t  o f  a n  ABX p a t t e r n .  F o r  (4o6;
RrsOH, R^=H),  t h e  h i g h e s t - h e l d  s i g n a l  i n  t h e  a r o m a t i c  r a n g e  
was o b s e r v e d  a t  6 .6 2  p . p . m . ,  w h e r e a s  t h e  c o r r e s p o n d i n g  s i g n a l  
f o r  (406; R=H, R^=OH) was o b s e r v e d  a t  6.34 p . p . m .  The s i g n a l  
a t  6 . 6 2  p . p . m .  was a t t r i b u t e d  t o  t h e  p r o t o n ,  p a r a  t o
t h e  p h e n o l i c  g r o u p ,  an d  t h a t  a t  6 . 5 4  p . p . m .  was a t t r i b u t e d  t o  
t h e  J c ^ - h J  p r o t o n ,  o r t h o  t o  t h e  p h e n o l i c  g r o u p .  These  
s i g n a l s  were  t h e  m os t  o b v i o u s  d i f f e r e n c e s  b e t w e e n  t h e  PMR 
s p e c t r a  o f  t h e  two p r o d u c t s  o f  c y c l i z a t i o n .  The s i g n a l s  f o r  
t h e  j^-OCH^O- p r o t o n s  5#91 -  0 . 0 1  p . p . m .  were  o b s e r v e d  a s  
a  s i n g l e t  i n  b o t h  c a s e s .  The s i g n a l s  f o r  t h e  a c e t a l  p r o t o n s  
w e r e ,  h o w e v e r ,  o b s e r v e d  a s  two t h r e e - p r o t o n  s i n g l e t s  a t  
3 .2 8 p . p . m .  a n d  3 .2 1 p . p . m .
I n f r a r e d  s p e c t r a  i n  b romoform s o l u t i o n  o f  ( 4 o 6 ;  R=OH,
R^=H) an d  (4o6; R=H, R^=OH) w ere  s i g n i f i c a n t l y  d i f f e r e n t  i n  
t h e  r a n g e  8OO-I3OO cm. t h e  * f i n g e r p r i n t  * r e g i o n ,  an d  
p e r m i t t e d  r e a d y  d i f f e r e n t i a t i o n  b e t w e e n  t h e  com pounds .
E x c e p t  f o r  t h e  d i f f e r e n c e  i n  t h e  * a r o m a t i c *  r e g i o n s  o f  t h e  
PMR s p e c t r a  o f  t h e  two p r o d u c t s ,  i t  was n o t  p o s s i b l e  t o  a s s i g n
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isom er s tr u c tu r e s  to  A and B w ith  g rea t c e r t a in t y .  The 
c o r r e c tn e s s  o f  th e a ssign m en ts was born out by the e v e n tu a l  
c o n v e rs io n  o f  B, th e 6-hydroxy compound (4o6; R=H, R^=OH), 
to  a known compound ( v id e  in f r a ) , and from th e r e s u l t s  
o b ta in ed  by c y c l i z a t io n  o f  th e p h en o lic  ajnine (396; R=H) w ith  
form aldehyde and form ic a c id .  Under th e se  c o n d it io n s  o n ly  
one compound was i s o la t e d  and t h i s  was presumed to  be th a t  
r e s u l t in g  from para c y c l i z a t io n  and was th e r e fo r e  (406; R=H, 
R^=OH). T his was id e n t ic a l  w ith  compound B. By TLC, a minor 
product o f  th e  same R^  ^ as A, (4o6; R=OH, R^=H), was d e te c te d  
and i t  appeared t h a t ,  w ith  form aldehyde and form ic a c id ,  a 
sm a ll amount o f  orth o  r in g  c lo su r e  o ccu red . Such ortho  
c lo s u r e s  have never been rep o rted  but t h i s  example was not 
confirm ed  by i s o l a t i o n  and c h a r a c t e r iz a t io n . The use o f  TLC 
as a common a n a ly t ic a l  a id  i s  a r e l a t i v e l y  r e c e n t  in o v a t io n  
when compared w ith  th e  h is to r y  o f  is o q u in o lin e  ch em istry  and 
the t e n t a t iv e  id e n t i f i c a t io n  o f  an ortho r in g  c lo su r e  under 
a c id ic  c o n d it io n s  was not regarded  as l i k e l y  to  be n o v e l .
B o th  p h e n o l i c  i s o q u i n o l i n e s  (4o6; R=H, R^=OH) and  
(406; RsOH, R^=H) were  m e t h y l a t e d  by e t h e r e a l  d i a z o m e t h a n e  
i n  o n l y  m o d e ra t e  c o n v e r s i o n  b u t  w i t h  h i g h  y i e l d .  R e c o v e r e d  
s t a r t i n g  m a t e r i a l s  were r e c y c l e d  s e v e r a l  t i m e s  t h r o u g h  t h e  
m é t h y l a t i o n  p r o c e d u r e  t o  o b t a i n  s a t i s f a c t o r y  c o n v e r s i o n .
In th e  PMR spectrum  o f  the 7 ,8 -d im e th o x y iso q u in o lin e  
(4o6; R=OMe, R^=H) th e arom atic p roton s were observed  a s  a 
m u lt ip le t  ( 6 .6 - 7 .0  p .p .m .)  w ith  on ly  sm all u n reso lv ed  
m u lt ip le t s  a t h ig h er  f i e l d  p o s i t io n s  than 6 .8  p .p .m . For th e
108.
6 ,7 -d im e th o x y iso q u in o lin e  (4o6; R=H, R^=OMe) a broad tw o- 
p roton  * s in g le t*  was observed  a t  6 . 6O p .p .m ., and t h i s  was 
a t t r ib u te d  to  th e and |C g -^  p r o to n s .
In the PMR s p e c tr a  o f  a l l  fou r  te tr a h y d r o is o q u in o lin e s ,  
(406; R=OH or OMe, R^=H) and (4o6 ; R=H, R^=OH or OMe), a on e-  
proton  m u lt ip le t ,  p a r t ia l l y  r e s o lv e d  in to  a " d ou b let" , was 
observed  and was a t t r ib u te d  to  th e  j^Cgl-IîJ p r o to n . In  a 
sim p le  ca se  o f  a 3 ,4 -m eth y len ed io x y p h en y l sy stem , the s ig n a ls  
due to  th e |^C^*-E^ proton  would be ex p ected  as  an uncoupled  
s i n g l e t ,  a d o u b le t , or a d ou b let o f  d o u b le ts . The ob served  
s ig n a ls  do not f i t  any such c a ta g o r ie s  though , s in c e  i t  
appeared th a t  the h ig h - f i e ld  p a rt o f  the p a r t ia l l y  r e s o lv e d  
"doublet"  was weaker in  in t e n s i t y .  T h is was c o n s id e re d  
in d ic a t iv e  o f  th e  e x is t e n c e  o f  conform ers o f  (4 0 6 ) ,  w ith  
d is c r e te  e x is t e n c e  on th e PMR tim e s c a l e .
C y c liz a t io n  o f  th e 6 , 7-d im ethoxy compound (4o6; R=H, 
R^=OCH^) was accom p lish ed  w ith  6N aqueous h y d ro ch lo r ic  a c id  
to  o b ta in  the known 9 , 1 0 -d im eth o x y -3 -h y d ro x y -2 , 3 -m eth y len e-  
d ioxyb erb in e ( 4 0 7 ) .  The PMR and IR sp e c tr a  o f  (407 ) were
4 0 7
id e n t ic a l  w ith  th o se  o f  (407 ) d er iv ed  by an oth er  r o u te , and 
th ere  was no d e p r e ss io n  w ith  a mixed m e lt in g -p o in t . Hence
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the s t r u c t u r a l  assignm ent o f  B was fu r th e r  confirm ed.
C y c l iz a t io n  o f  the  7»8-d im ethoxy compound (4o6; HsOCH^ , 
R^sH) was s i m i l a r l y  e f f e c t e d  w ith  6N aqueous h y d ro ch lo r ic  
a c id  to  o b ta in  9-h ydroxycan adine , or te tr a h y d r o b e r b e r a s t in e ,  
(4o8) in  71% y i e l d .
MeO
4 0 8
In th e  PMR spectrum o f  (4o8) (CDCl^) (60 MHz) the s i g n a l s  
for  th e  methoxyl proton s were observed  as  a s ix -p r o to n  s i n g l e t  
( 3.86  p .p .m . ) ,  whereas th ey  were observed  as  two th r e e -p r o to n  
s i n g l e t s  (3 .? 8  and 3#82 p .p .m .)  in  the PMR spectrum o f  the
h yd roch lor id e  o f  (4o8) (CD^)^80 (100 MHz).
In the IR s p e c tr a  o f  q u i n o l i z i n e s ,  Bohiman bands a t  
2800 cm.”  ^ are c o n s id ered  d ia g n o s t ic  for  a tr a n s  c o n f ig u r a t io n .  
Although a b so r p t io n s  in  t h i s  r e g io n  were observed  fo r  both
(407) and (4o8), s im i la r  a b so r p t io n s  were a l s o  e v id e n t  in  the  
IR s p e c tr a  o f  a l l  o f  the amine p r e c u r s o r s .  Consequently  the  
s te r e o c h e m is tr y  o f  th e  r in g  ju n c t io n  was not a s s ig n e d .
C y c l i z a t io n  o f  the 7*8-d im e th o x y iso q u in o l in e  d e r iv a t iv e  
(406; R=OMe, R^=H) was a l s o  c a r r ie d  out in  a 1 :1  s o l u t i o n  o f  
co n cen tra ted  h y d ro ch lo r ic  a c id  and e th a n o l .  From exam ination  
o f  the  r e a c t io n  produ cts  by TLC, i t  appeared th a t  th ree  products
110.
had been o b ta in e d ,  two o f  which were e v id e n t  in  (4o8) ob ta in ed  
by c y c l i z a t i o n  in  aqueous a c id .  These two were presumably  
d ia s te r e o is o m e r s  due to  d i f f e r e n t  c o n f ig u r a t io n s  o f  the  
hydroxyl group. A p a r t i a l  s e p a r a t io n  was e f f e c t e d  by PLC and 
the IR s p e c tr a  o f  the two f r a c t io n s  were i d e n t i c a l  ex cep t th a t  
fo r  one (R^ 0 . 33)♦ (° )^ a m oderately  sharp a b so rp tio n  a t  
3360 cm.”  ^ was e v id e n t ,  and fo r  the e th e r  (R^ 0 . 19 ) if>) & broad 
a b so r p t io n  a t  3250 cm.  ^ was e v id e n t .  Thus the  d i f f e r e n c e  was 
one o f  in tra m o lecu la r  hydrogen bonding o f  the  hydroxyl group 
to  the n itr o g e n  (409) (®^ ) and o f  an unbonded hydroxyl group
(410) ( p ) .
The th ir d  component, f a s t e r  moving on TLC, was a l s o  
i s o l a t e d  by PLC. In th e  IR spectrum , no a b so r p t io n s  were 
e v id e n t  above 3050 cm. and t h i s  compound d id  not c o n ta in  
an hydroxyl group and was n o t ,  f o r  example, a c i s -g u in a z o l in e  
isomer o f  (4o8). In the PMR spectrum, a th re e  proton t r i p l e t  
( 1.21  p .p .m . , J = 7 Hz) and a tw o-proton q u a rte t  (3.64 p .p .m . ,
J =s 7 Hz) were e v id e n t ,  and the spectrum was o th erw ise  s im i la r  
to  th a t  o f  te tr a h y d ro b er b e ra s t in e  or 5-hydroxycanadine ( 4 0 8 ) .
A sample o f  5-hydroxycanadine (4o8) was t r e a t e d  w ith  e th a n o l ic  
hydrogen c h lo r id e  on a s c a l e  adequate fo r  TLC, and a f t e r  
18 hours the major component had the same R  ^ as  the e th o x y -  
b ear in g  compound. The th ir d  product o f  the  c y c l i z a t i o n  in  
a c id  aqueous e th a n o l  was th e r e fo r e  5-e th oxycan ad in e  (4 l2 ).
T his presumably a ro se  by 0 -p r o to n a t io n  o f  the  i n i t i a l l y  formed 
5-h ydroxycan adine , subsequent form ation  o f  the  carbonium io n
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T etrah yd rob erb erast in e  (4o8) was dehydrogenated w ith  
e th a n o l ic  io d in e  in  the p resen ce  o f  sodium a c e t a t e  as b u f fe r  
to  a f f o r d  ( - )  b e r b e ra s t in e  io d id e  (4 1 3 ) .
I t  i s  i n t e r e s t i n g  to  compare th e  mass s p e c t r a s  o f
5-hydroxycanadine (4 o 8 ) ,  5 -e th oxycan ad in e  ( 4 l 2 ) ,  and the
10 ,11-d im ethoxy  isomer o f  5 -h ydroxycan adine , (407)*  The f i r s t
two compounds have fragm entation  p a t te r n s  s im i la r  to  th o se  o f
can ad in e , both compounds e x h ib i t in g  hydrogen capture such
th a t  the  l o s s  o f  th e  5-hydroxy- or 5 -e th o x y l  groups gave m/e
359» corresp ondin g  to  can ad in e , w ith  corresp on d in g  m eta sta b le
p ea k s .  Subsequent fragm en ta t ion s  bear a s tr o n g  resem blance to
th a t  fo r  can ad in e . In c o n t r a s t ,  compound (40?) gave an m/e
338 , a s  p r e v io u s ly  r ep o r ted .  The l i n e  diagrams o f  ( 4 0 ? ) »
( 4 o 8 ) ,  (4 l2 ) ,  and canadine ( I 50 ) are shown a t  the  end o f  the
exp erim en ta l s e c t i o n .  I t  would th e r e fo r e  seem th a t  in tr o d u c t io n
of an hydroxyl or ethoxy1 group at C-5 in a berbine does not
d r a m a t ica l ly  change the fragm en tation  p a t te r n  and the
245o b s e r v a t io n s  and c o n c lu s io n s  o f  Chen and Maclean can be 
e x tr a p o la te d  to  such 5 - s u b s t i t u t e d  b e r b in e s .  This p r o v id es  
fu r th e r  co n firm a tio n  o f  the r e l a t i v e  s t r u c t u r a l  ass ign m ents  
o f  th e  i s o q u in o l in e s  ob ta in ed  by a chromatographic s e p a r a t io n  
o f  iso m ers ,  ra th er  than by an unambiguous s y n t h e s i s .
R e g re tta b ly  an a u th e n t ic  sample o f  b e r b e r a s t in e  io d id e^  
was not a v a i la b le  fo r  com parison. The p h y s ic a l  c h a r a c t e r i s t i c s  
o f  the  s y n t h e t i c  product were v i r t u a l l y  i d e n t i c a l  w ith  th o se  
rep o rted  fo r  th e  n a tu ra l  p rod u ct . A v i s u a l  comparison o f  the  
IR s p e c t r a ,^  and comparison o f  UV d a t a ,^ ’ ^^^ and the  e f f e c t
113.
o f  h e a t in g ,  a l l  r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e s ,  and
m ic r o a n a ly t i c a l  data  was c o n s i s t e n t  w ith  s t r u c tu r e  ( 4 l 3 ) .
In a d d i t io n  a PMR spectrum was o b ta in e d .
The PMR data fo r  some p r o to b er b e r in e s  in  p erd eu tero -
d im eth y lsu lp h ox id e  (DMSO-d^) have been ta b u la te d  for
24-7com parison. A r e c e n t  com parative s tud y  o f  the PMR o f
p ro to b er b e r in e s  was, u n fo r tu n a te ly ,  c a r r ie d  out u s in g
t r i f l u o r o a c e t i c  a c id  (TFA) a s  s o l v e n t .  To i l l u s t r a t e  the
d i f f e r e n c e s  in  chem ical s h i f t s  o b ta in e d ,  the PMR data
r ep o r ted  fo r  berb er in e  in  both TFA and DMSO-d  ^ has been
g iv e n .  From comparison o f  the  PMR s p e c tr a  o f  b erb erin e  and
248te tr a d e h y d ro co ra ly d in e  ( 4 1 5 ) ,  Santavy e t  a l  concluded
th a t  th e  s i g n a l s  a t  c a .  p .p .m . were a t t r ib u t a b le  to  the
p r o t o n  a t  C -13  r a t h e r  t h a n  a t  C -8 ,  s i n c e  t h e  l o w e s t  f i e l d
s ig n a l  fo r  (415) was a t  9.65  p .p .m . , fo r  a compound which
d id  n o t have a proton  a t C-8 .  From s t u d ie s  in  TFA, though,
i t  was found th a t  the l o w e s t - f i e l d  s ig n a l  f o r  13-m eth y l-
b erb erin e  was a t  9.62  p .p .m . , and th a t  a s i g n a l  a t  8 .4 4  p .p .m .
in  b erb er in e  was m is s in g .  Hence a r e v e r s a l  o f  r e l a t i v e
a ssign m en ts  to  p roton s  a t  C-8  and C-13 was n e c e s s a r y ,  and t h i s
type o f  assignm ent has been favoured  fo r  b e r b e r a s t in e  and
249r e la t e d  5-hydroxy compounds. For phenanthrene ( 4 l 6 ) ,  the  
s ig n a l  fo r  the proton  a t  C-1 was r ep o r ted  to  be a t  8 .9 3  p .p .m . , 
a dow n fie ld  s h i f t  o f  1.66  p .p .m . r e l a t i v e  to  benzene. T his  
proton i s  in  a s im i la r  environment to  th a t  a t  C-13 in  b erb in es
a n d  th e  c h e m ic a l  s h i f t  i s  a l s o  s i m i l a r .  From c o m p a r is o n  o f  
t h e  p r o t o n s  a t  C-1 a n d  C-4 i n  b o th  ( 4 l4 ;  R + R  ^ = -OCH^O-) i 
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113,
s im i la r  to  th a t  o f  two methoxyl groups. I f  the chem ical s h i f t
o f  the  proton a t  C-1 fo r  the unknown compound ( 4 l4 ;  R=R^=H)
233i s  c a l c u la t e d ,
7*73 + 0.43 + 0.09 =  8 .3 p#p#m.
This va lue  i s  c a .  0 .6  p .p .m . h ig h er  f i e l d  than th a t  a t t r i b u t e d  
to  a proton a t  C-13, but a d d i t io n a l  p e r i  i n t e r a c t io n  from th e  
proton  a t  C-12 cou ld  p a r t ly  account f o r  t h i s .  The a p p a ren t ly  
s u r p r i s in g  o b se r v a t io n  o f  the h ig h  f i e l d  p o s i t i o n  o f  th e  proton  
a t  C-11 (8 .0 2  p .p .m .)  in  b e r b e r a s t in e  was presumably due to  the  
p o s i t i o n  b e in g  para to  the C -7 ,8  iminium sy stem .
B en zo-C d -p h e  nant hr i  d in es
The f i r s t  s y n t h e s i s  o f  sa n g u in a r in e ,  by Dyke e t  a l , was
230by means o f  th e  i s o q u i n o l - 4 - y l a c e t i c  a c id  (420) and t h i s  
was o b ta in ed  by c y c l i z a t i o n  o f  2 , 3-m eth y len ed ioxyb en zy lam in o-  
a c e t a l  (417) to  the 4 -h yd roxy-1 , 2 , 3 , 4 - te  trahydro isoqu  in o l i n e  
( 4 l 8 ) ,  dehydration  to  the enamine (419) in  s i t u , and 
con d en sa tion  w ith  g ly o x y l i c  a c id  to  a f f o r d  (4 2 0 ) .
The am in oaceta l (364) was su b je c te d  to  an analogous s e r i e s  
o f  r e a c t io n s  where th e  e x p ected  product was compound ( 4 2 1 ) .  
Because o f  the  b e ta in e  nature o f  the d e s ir e d  p rod u ct , i s o l a t i o n  
o f  (421) was trou b lesom e, so the crude mixture o f  o r g a n ic s ,  
a f t e r  e x t r a c t io n  to  remove non-quaternary b a s e s ,  was reduced  
w ith  sodium borohyd rid e . I t  was hoped th a t  th e  m ixture  
co n ta in ed  the d e s ir e d  c a rb o x y lic  a c id  (422; R=H). The m ixture  
was worked up fo r  a c id ic  produ cts  and the m a te r ia l  o b ta in ed  





















to  o b t a in  the  crude a c id  (422; R=H). C h a r a c te r iz a t io n  was 
e f f e c t e d  by treatm ent w ith  diazomethane to  a f f o r d  the  e s t e r  
(422; E=Me) and i s o l a t i o n  as the h yd roch lor id e  s a l t  in  199  ^
y i e l d  from the am in oaceta l ( 3 6 4 ) .
In the  PMR spectrum o f  (422; R=Me) the s i g n a l s  for  the  
N-methyl proton s  were observed a t  2 .3 3  p .p .m . (13% o f  3H) 
and 2 .3 2  p .p .m . ( 85% o f  2H). Whether th e  two s i g n a l s  were 
due to  con form ation a l or c o n f ig u r a t io n a l  isom ers was not  
determ ined , s in c e  the r e l a t i v e  s t e r e o c h e m is t r ie s  a t  C-3 and 
C-4 was not a s c e r t a in e d .  Whether the groups a t  C-3 and C-4 
were c i s  or tr a n s  was not co n s id e re d  im portant a t  t h i s  s t a g e .  
For exam ple , fu tu re  in v e s t i g a t i o n s  cou ld  in co rp o ra te  c a t a l y t i c  
h yd rogen ation  to  f a c i l i t a t e  g e n e ra t io n  o f  the d e s ir e d  c i s  
s t e r e o c h e m is t r y ,  or e p im e r iz a t io n  a t  C-4 might be e f f e c t e d  
a t  a l a t t e r  s t a g e .
C y c l i z a t io n  o f  the  e s t e r  (422; R=Me) was not a ttem p ted ,  
mainly due to  the sm all q u a n tity  o f  (422; R=Me) a v a i l a b l e .
A s u c c e s s f u l  c y c l i z a t i o n  would a f f o r d  th e  k etop h en an th r id in e  
(4 2 3 )1 and c o n v e rs io n  o f  (423) to  hom ochelidonine would 
appear f e a s i b l e .
I t  has been shown th a t  the aceto x y  group in  a 4 -a c e to x y ,
1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u in o l in e  i s  s u s c e p t ib le  to  n u c le o p h i l i c  
d isp la ce m e n t ,  for  example by cyanide ion  to  o b ta in  a 4 -c y a n o -  
1 ,2 ,3 *  4 - t e t r a h y d r o i s o q u in o l in e .
The 3 -a r y l-4 -h y d r o x y  compound (424; R=H, R^=OH) has been  
made, and s in c e  the  con d en sa tion  o f  the N-methyl am in oaceta l  
(364) w ith  g l y o x y l i c  a c id  was s u c c e s s f u l ,  th en  a s im i la r  
c y c l i z a t i o n  to  (424; R=Me, R^=OH) must have occu red . A
118.
s u c c e s s f u l  a d a p ta t io n  o f  the known rep lacem ent sequence o f
an h y d ro x y l-  by a cyano-group to  o b ta in  (424; R=Me, E^=CN)
would be o f  g rea t  i n t e r e s t  s in c e  t h i s  might perm it a n n é la t io n
251to  a b e n z o -[c ] -p h e n a n th r id in e  by known methods to  a f f o r d  
the  d e s ir e d  o x ygen ation  p a t t e r n .
I t  was concluded th a t  the am in oaceta l ro u te  to  a 5 - a r y l -  
4 -h y d ro x y -1 , 2 , 5 $ 4 -1e tr a h y d r o is o q u in o l in e  cou ld  be o f  v a lu e  
a s  a s y n t h e t i c  approach to  h e x a h y d ro b en zo - [c ] -p h en a n th r id in e s .
EXPERIMENTAL
119.
Both IR and UV s p e c tr a  were measured on v a r io u s  
sp ec tro p h o to m eters .  NMR s p e c t r a  were recorded  w ith  a 
Varian A-60  sp ectrom eter  u n le s s  o th erw ise  s t a t e d .  M elt in g  
p o in t s  are u n co r r ec te d .  E vap oration s  o f  a l l  s o lv e n t s  o f  
b o i l i n g  p o in t  l e s s  than 110° were c a r r ie d  out a t  4 0 ° ,  
u s in g  a water pump and a r o ta r y  ev a p o ra to r .
2 ,5 -D im eth o x y -6 -io d o b en zo ic  a c id  (299; R=OMe) .
a) Thallium  ( I I I )  ox id e  (4 2 .0  g . ,  0 .1 8 4  m o l) was d i s s o lv e d
in  t r i f l u o r o a c e t i c  a c id  (200 ml) by h e a t in g  a t  r e f lu x  fo r
two d ays . To the c o o led  s o l u t i o n  was added 2 ,3 -d im e th o x y -
b en zo ic  a c id  ( 20.0  g . , 0.11  m ol) and the r e s u l t a n t  s o l u t i o n
was h ea ted  under r e f lu x  for  5 h o u rs .  The s o lv e n t  was
removed by d i s t i l l a t i o n  and th e  r e s id u a l  o i l  was s t i r r e d  w ith
dichlorom ethane (200 ml) and 2N potassium  io d id e  (500 ml)
fo r  c a .  0 .5  hour. Sodium b i s u l p h i t e  was added to  th e  red
m ixture u n t i l  a l i g h t  y e l lo w  c o lo u r  was o b ta in e d .  The
m ixture was f i l t e r e d  and the r e s id u e  was washed w ith
dichlorom ethane and the f i l t r a t e s  were combined. The o rgan ic
phase was sep a ra ted  and washed s u c c e s s i v e l y  w ith  water
(100 ml) and b r in e  (100 m l) ,  d r ie d  (Na^SO^^), and evaporated
to  dryness  to  o b ta in  a p a le  red  o i l  ( c a .  54 g . ) ,
c r y s t a l l i z a t i o n  o f  which from c h lo r o fo r m /p e tr o l  gave
2 , 3-d im eth o x y -6- io d o b e n z o ic  a c id  (299; R=OMe) (2 8 .1  g . , 85%)
a s  an o f f - w h i t e  s o l i d ,  m.p. 156- 157^* a n a l y t i c a l  sample
(from c h lo r o fo r m /p e tr o l)  m.p. 157- 158° ,  ( l i t . ^ ^ ^  m.p. 157- 158° ) ;
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"^ max (cm .“^) 1715 (CO.O), 8lO ( 1 , 2 , 3 , 4 - t e t r a -
s u b s t i t u t e d  b en zen e);  NMR (CDCl^) 3 .8 5  (3H, s ;  CH^O-C^),
3 .9 0  (3H, s ;  CH^O-C^); 6 .7 1  (IH, d; J = 8 .5  Hz, C^-H);
7.50  (IH, d; J = 8 .5  Hz, C^-H); 9 .6  (IH, s ,  removed by D^O; 
-COg-H) (Found: C, 3 4 .8 ;  H, 3 .4 ;  I ,  4 2 .0 .  C^ H^ IO^  ^ r e q u ir e s
C, 3 5 .1 ;  H, 3 .0 ;  I ,  41.296).
b) Thallium  ( I I I )  ox ide  (3 3 .0  g . , 0 .1 4 4  m ol) was d i s s o lv e d  
in  t r i f l u o r o a c e t i c  a c id  (150 ml) by h e a t in g  a t  r e f lu x  fo r  
two d a y s .  To the c o o led  s o l u t i o n  was added 2 , 3 -d im eth oxy-  
benzo ic  a c id  ( 15.7  g .»  86 mmol) and the r e a c t io n  was c a r r ie d  
out a s  b e fo re  to  o b ta in ,  a f t e r  c r y s t a l l i z a t i o n  from 
c h lo r o fo r m /p e tr o l ,  an o f f - w h i t e  s o l i d  ( 20.0  g . )  which was 
(by exam ination  o f  PMR spectrum) a m ixture o f  2 , 3 -d im eth oxy-  
ben zo ic  a c id  and 2 , 3-d im eth o x y -6- io d o b e n z o ic  a c id  ( 299 ;
RaOMe) in  1 :1  molar r a t i o .  The m ixture was d i s s o lv e d  in  
methanol ( 3OO m l.)  and the s o l u t i o n  was s a tu r a te d  w ith  hydrogen  
c h lo r id e  and h ea ted  under r e f lu x  fo r  3 h ou rs , then evap ora ted  
to  d r y n e s s .  The r e s id u e  was shaken w ith  e th e r  (150 ml) and 
s a tu r a te d  aqueous sodium b icarb on ate  s o l u t i o n  (3  % 50 m l) .
The combined aqueous e x t r a c t s  were a c i d i f i e d  w ith  36% w/w 
h y d ro ch lo r ic  a c id  and e x tr a c te d  w ith  chloroform  (2 x 50 m l) .
The combined chloroform  e x t r a c t s  were washed w ith  water
(2  X 50 m l) ,  br ine  (50 m l) ,  and d r ie d  (Na^SO^) and evap orated
to  dryness to  a f f o r d  2 , 3-d im eth o x y -6- io d o b e n z o ic  a c id
( 12.0  g . , 4596) m.p. 136- 137° ,  mixed m.p. w ith  sample o b ta in e d
by ro u te  (a )  1 3 6 -1 3 7 ° .  S p ectra  data were i d e n t i c a l  w ith  th o se
o b ta in ed  fo r  (299; R=OMe) by ro u te  ( a ) .
121,
Methyl 2 , 3-<iimeth o x y -6 - io d o b e n z o a te .
E th erea l  diazomethane was added to  a s o l u t i o n  o f  2 , 3 -  
dim eth oxy-6 - iod ob en zo ic  a c id  (299; R=OMe) ( 1 1 .0  g . , 36 mmol) 
in  methanol (100 ml) and the y e l lo w  s o l u t i o n  was kept a t  
ambient temperature fo r  16 h o u rs ,  purged w ith  n itr o g e n  fo r  
1 hour, and evaporated  to  d r y n e s s .  The r e s id u e  was d i s s o lv e d  
in  e th e r  (200 ml) and washed s u c c e s s i v e l y  w ith  s a tu r a te d  
aqueous sodium b icarb on ate  s o l u t i o n  (2 x  30 m l) ,  water  
(50 m l) ,  br in e  (2 x 50 ml) and d r ie d  (Na^SO^) and evaporated  
to  dryness  to  a f f o r d  methyl 2 , 3-d im eth o x y -6- io d o b en zo a te  
(1 1 .0  g . ,  95%), m.p. 5 7 - 5 9 ° ; 'X ^^^(nm ) (&) (EtOH) 236 
( 12 , 500) ,  290 ( 2 , 300) ,  ^  i n f  l e x .  ( 2 , 320) ;  1)
( n u jo l )  1725; NMR (CDCl^) 3.83  (3H, s ;  C^-OCH^); 3 .9 3  
(3H, s ;  C^-OCH^); 6.69  (IH, d; J = 8 .5  Hz; C^-H); 7 .4 2  
(IH, d, J = 8 .5  Hz; C^-H) (Found: C, 3 7 .0 ;  H, 3 .2 ;  I ,  3 9 .0 .
C10H11IO4 r e q u ir e s  C, 3 7 .3 ;  H, 3 .4 ;  I ,  39.4% ).
8-Hydroxy-7-methoxy-3-(3,4-methylenedioxyphenyl)isocoumarin (317).
Sodium hydride (50% o i l  d i s p e r s io n ,  2.38  g . , 4 9 .5  mmol) 
was washed w ith  p e t r o l  ( 60- 8o ° ,  3 x 100 ml) under n i t r o g e n .
Dry dimethylformamide ( I 50 ml) was added, fo l lo w e d  by 3 , 4 -  
m ethylene d ioxyp h en ylb u tan -2 , 4 -d io n e  ( 9.70  g . , 4 7 .1  mm ol)',
2 , 3-d im eth o x y -6- io d o b e n z o ic  a c id  (1 3 .3 0  g . , 4 4 .8  mmol)' and 
copper powder ( 0 .5 0  g . ) .  The mixture was h ea ted  under r e f lu x  
fo r  7 .5  h ou rs, s to o d  a t  21°  fo r  I 6 h ou rs , and evaporated  to  
d r y n e ss .  The r e s u l t a n t  b lack  o i l  was s t i r r e d  w ith  d ic h lo r o ­
me thane ( 1 .5  l i t r e s )  and 0.5N h y d ro ch lo r ic  a c id  (1 l i t r e )  and
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f i l t e r e d .  The o r g a n i c  p h a s e  was w ashed  w i t h  0.2M p o ta s s iu m  
c a r b o n a t e  s o l u t i o n  (500 m l) ,  d r i e d  (N a^SO ^), an d  e v a p o r a t e d  
to  d r y n e s s  t o  a f f o r d  a  b l a c k  t a r  ( c a .  20 g . ) .  E x t r a c t i o n  o f  
t h e  t a r  w i t h  h o t  p e t r o l  ( 60- 80° ,  5 x  200 m l) l e f t  a  gummy 
d a r k  s o l i d  w h ich  was s t i r r e d  w i t h  c a r b o n  t e t r a c h l o r i d e  
(200 m l ) ,  f i l t e r e d ,  an d  t h e  r e s i d u e  was w ashed  w i th  more 
c a r b o n  t e t r a c h l o r i d e  an d  d r i e d  t o  o b t a i n  c r u d e  (3 1 7 )  ( s u i t a b l e  
f o r  s u b s e q u e n t  r e a c t i o n s )  ( 8.76  g . , 28.1  m m ol. ,  62 . 8%) a s  a  
p a l e  brow n s o l i d .  S u b l i m a t i o n  o f  t h e  c r u d e  p r o d u c t  a t  206°
0.07  mm Hg gave 8 -h y d ro x y -7 -m eth o x y -3 -(3 # 4 -m eth y len ed io x y -  
p h en y l) isocou m arin  ( 317) ( 75% reco v e ry )  as  a very p a le  green  
s o l i d ,  m.p. 217- 218° } 'X  (nm) (&) (MeOH) 231 ( 29 , 500) ,  323 
( 22 , 900) ,  377 ( 13 , 500 ) ,  ( 10 , 100) ; '>>_^^_(nm) (£ )
(CHgClg) 238 ( 25 , 500) ,  327 ( 21 , 200) ,  378 ( 13 , 500) ,
280 ( 6 ,6 4 0 ) ,  354 ( 1 0 ,4 0 0 ) ,  i n f l e x . ( 11 , 100) ,  269 ( 9 ,3 4 0 ) ;
V (KBr) (cm."^) 167O (CO.O), 930 (OOH.O), V (CHBr,)
ID£LX •  ^  DlâX e ^
2840 (OMe) 1655 (CO.O) ?40 (OCH^O); NMR (DMSO-d^) (100 MHz)
3 .8 6  (3H, s ;  ArOCH^); 6 .1 0  (2H, s ;  -OCH^O-); 7 .0 3  (IH, d,
J = 9 Hz; Cg-H or C^'-H); 7 .0 8  (IH, d, J = 9 Hz; C^»-H or C^-H);
7 .3 0  (IH, s ;  Cg'-H ); 7 .3 5  (IH, d o f  d, J = 9 and 2 .5  Hz; C^-H);
7 .3 7  (IH, d, J = 2 .5  Hz; C^-H); 7 .5 3  (IH, d, J = 9 Hz; C^'-H)
(Found: C, 6 5 .6 ;  H, 4 . 1 .  ^17^12^6 C, 6 5 .4 ;  H, 3.9% ).
7 , 8 -D im eth o x y -3 -(3 , 4 -m eth y len ed ioxyp h en y l) isocoum arin (302; R=OMe) 
Pure sublim ed 8 -h y d ro x y -7 -m eth o x y -3 -(3 , 4 -m eth y len ed io x y ­
p h en y l)  isocoum arin (317) (0 .2 5 0  g . , O.80  mmol), potassium  
carbonate  (O .28O g . , 2 .0 0  mmol) and iodomethane (2  ml) in
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d im e th y l fo rm a m id e  (2 5  m l) was s t i r r e d  f o r  2 d a y s  a t  21°  an d  
t h e  m i x tu r e  was e v a p o r a t e d  t o  n e a r  d r y n e s s .  The r e s i d u e  was 
s h a k e n  w i t h  d i c h lo r o m e t h a n e  (6 0  m l)  a n d  w ashed  w i t h  w a t e r  
( 4  X 20  m l) a n d  b r i n e  (2 0  m l ) ,  d r i e d  (Na^SO^^), an d  e v a p o r a t e d  
t o  d r y n e s s .  The r e s i d u e  was w ashed  t h o r o u g h l y  w i t h  d ry  e t h e r  
a n d  d r i e d  t o  a f f o r d  7 , 8 - d im e t h o x y - 3 - ( 3 <4 - m e t h y l e n e d i o x y p h e n y l ) 
i s o c o u m a r in  (3 0 2 ;  R=OMe) ( 0 .2 6 0  g . , 99 .3% ) a s  a  p a l e  y e l l o w  
s o l i d ,  m .p .  2 1 6 - 2 1 7 ° ;  (nm) (&) (MeOH) 2 2 8 .5  ( 2 9 , 2 0 0 ) ,
3 2 0 .5  ( 2 4 , 0 0 0 ) ,  3 7 1 .5  ( 1 1 , 2 0 0 ) ,  X  i n f l e x . ^ ^ ^ ' ^  ( 7 , 7 2 0 ) ,  3 2 8 .5  
( 2 2 , 2 0 0 ) ;  V  ^ ^ ^ ( c m . " ^ )  (CHBr^) 2845 (OMe), 2 7 8 0 ,  1725 (C O .O ), 
940 (OCHgO); NMR (DMSO-d^) (1 0 0  MHz) 3 . 8 4  (3H , s ;  0,^-OCH^);
3 .9 0  (3H , s ;  Cg-OCH^); 6 ,0 5  (2H, s ;  -OCH^O-); 6 .9 7  ( IH ,  d ,
J  = 9 Hz; C ^ ! -H ) ;  7 . 1 0  ( IH ,  s ;  G ^*-H ); 7 . 2 - 7 . 4 5  (2H , m; Cg-H 
a n d  Cg^ -H) 7 .3 2  ( IH ,  s ;  C^-H) ; 7 .5 7  ( IH ,  d ,  J  =r 9 Hz; G^-H) 
(F o u n d ;  C, 6 6 . 1 ;  H, 4 . 6 .  r e q u i r e s  C, 6 6 . 3 ;  H, 4 .3 % ) .
2 - E th o x y b e n z o ic  a c i d .
B o th  2 - io d o b e n z o i c  a c i d  ( 4 .9 7  g . , 20 mmol) an d  l - ( 3 $ 4 -  
m e th y le n e d io x y p h e n y l ) b u t a n - 1 , 3 - d i o n e  ( 4 .1 2  g . , 20  mmol) w ere  
a d d e d  t o  a  s o l u t i o n ,  p r e p a r e d  by a d d i t i o n  o f  sod ium  ( c a .  1 .2  g . , 
c a . 52  mmol) i n  e t h a n o l  (30  m l ) ,  f o l l o w e d  by c o p p e r  pow der 
( 0 .2 0  g . )  an d  t h e  m i x tu r e  was h e a t e d  u n d e r  r e f l u x  f o r  3 .5  h o u r s .  
The c o o l e d  m i x tu r e  was f i l t e r e d  an d  t h e  f i l t r a t e  was e v a p o r a t e d  
t o  d r y n e s s .  The r e s i d u e s  w ere c o m b in e d ,  s t i r r e d  w i t h  c h l o r o f o r m  
(100  m l) a n d  w a te r  (1 0 0  m l) an d  f i l t e r e d .  The o r g a n i c  p h a s e  
was w ashed  w i t h  w a t e r ,  d r i e d  (Na^SO^) an d  e v a p o r a t e d  t o  d r y n e s s .  
The r e s i d u e  ( 2 .2 5  g . ) was e x t r a c t e d  w i t h  h o t  p e t r o l  ( 6 0 - 8 0 ° ,
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3 X 50 m l) and. t h e  com bined  p e t r o l  e x t r a c t s  w ere  c o o l e d  a n d  
f i l t e r e d  t o  o b t a i n  3 * 4-me t h y l e  ne d io x y a c e  t ophe none ( 2 .0 6  g . ,
63%) a s  a  p a l e  y e l lo w  s o l i d ,  m .p .  80 - 82° ,  m ixed  m .p .  80 - 8 2 °
( IR  a n d  NMR s p e c t r a  w ere  i d e n t i c a l  w i th  s am p le  o b t a i n e d  by 
a c y l a t i o n  o f  m e th y le n e d io x y b e n z e n e ; v id e  i n f r a ) .
The b a s i c  a q u e o u s  s o l u t i o n  r e m a in in g  a f t e r  e x t r a c t i o n  w i t h  
c h l o r o f o r m  was a c i d i f i e d  w i t h  2N h y d r o c h l o r i c  a c i d  and  
e x t r a c t e d  w i t h  c h l o r o f o r m .  The o r g a n i c  p h a s e  was w ashed  w i t h  
w a t e r  (5 0  m l ) ,  b r i n e  (50  m l ) ,  d r i e d  (Na^SO^^) a n d  e v a p o r a t e d  
t o  d r y n e s s .  The r e s i d u e  ( 4 .2 5  g . ) was s t i r r e d  w i t h  b e n z e n e ,  
f i l t e r e d ,  w ashed  w i t h  b e n z e n e ,  a n d  t h e  com bined  f i l t r a t e s  w ere  
e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was e x t r a c t e d  w i t h  h o t  
p e t r o l  ( 60 - 80° )  by d é c a n t a t i o n  a n d  t h e  p e t r o l  s o l u t i o n  was 
d i l u t e d  w i t h  e t h y l  a c e t a t e  a n d  e x t r a c t e d  w i t h  2N sod ium  h y d r o x id e  
(2  X 40 m l ) .  The com bined  e x t r a c t s  w ere a c i d i f i e d  w i t h  36% 
h y d r o c h l o r i c  a c i d  an d  th e  m ix tu r e  was e x t r a c t e d  w i th  e t h e r  
(3  X 50  m l ) .  The com bined  e t h e r e a l  e x t r a c t s  w ere w ashed  w i t h  
w a t e r  (2  x  50  m l ) ,  b r i n e  (50  m l ) ,  d r i e d  (Na^SO^^) an d  e v a p o r a t e d  
t o  d r y n e s s  t o  o b t a i n  2 - e th o x y b e n z o ic  a c i d  ( 2 . 9 9  g . , 90%) m .p .  
c a . 1 0 - 15 °  ( l i t } ^ ^ 1 9 ° ) , ( c m .“ ^ )  ( f i l m ) ,  3200  ( v e r y  b r o a d ,
CO^H), 1690  (COgH), 7 5 0 ; NMR (CDCl^) 1 .4 9  (3H , t ,  J = 7 Hz; 
CH^-CH^); 4 .2 3  (2H, q ,  J = 7 Hz; -OCH^CH^); 7 . 0 - 8 . 0  (3H , m;
C3 -H ,  C^-H, C ^ -H );  8 .1 0  ( IH ,  d o f  d ,  J  = 8 Hz a n d  1 . 5  Hz; Cg-H) 
(F o u n d :  C, 6 5 . 4 ;  H, 5 . 7 .  ^ 9^ 10^3  ^® (l^^res C, 6 5 . 0 ;  H, 6 .0 % ) .
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A tte m p te d  p r e p a r a t i o n s  o f  7 . 8 -P im e  t h o x y - 3 - ( 3 , 4-me t h y l e n e -  
d io x y p h e n y l )  i s o c o u m a r in  (3 0 2 ;  R=OMe) i n  a l c o h o l s .
a )  2 ,3 - D im e th o x y - 6 - i o d o b e n z o ic  a c i d  (2 9 9 ;  R=OMe) ( 6 l 6 m g . ,
2 .0  mmol) an d  ( 3 , 4 - m e t h y l e n e d i o x y p h e n y l ) b u t a n - 1 , 3 - d i o n e  
( 3 0 0 ) (4 1 2  m g . , 2 . 0  mmol) w ere  a d d e d  t o  0 .5N  sod ium  e t h o x i d e  
i n  e t h a n o l  (1 5  m l ) ,  f o l l o w e d  by c o p p e r  ( I I )  a c e t a t e  (70  m g . ,
0 .5  mmol) an d  t h e  m i x tu r e  was h e a t e d  u n d e r  r e f l u x  f o r  3 . 3  
h o u r s ,  t h e n  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was s h a k e n  
w i t h  w a te r  ( s o l u t i o n  A) an d  c h l o r o f o r m  f o r  2 h o u r s ,  f i l t e r e d ,  
a n d  t h e  o r g a n i c  p h a s e  was w ashed  w i t h  a q u e o u s  sod ium  
b i c a r b o n a t e  (3  x  20 m l ) ,  w a te r  (2 0  m l ) ,  d r i e d  (Na^SO^^), a n d  
e v a p o r a t e d  t o  d r y n e s s  t o  a f f o r d  a  y e l lo w  s o l i d  (3 3 8  m g . ) .
The s o l i d  was e x t r a c t e d  w i t h  b o i l i n g  p e t r o l  ( 6 0 - 8 0 ° )  a n d  t h e  
e x t r a c t s  w ere c o o l e d  an d  f i l t e r e d  a n d  t h e  r e s i d u e  was d r i e d  
t o  g iv e  3 , 4 - m e t h y le n e d io x y a c e to p h e n o n e  (200  m g . , 6 l% ) .
S o l u t i o n  A was a c i d i f i e d  w i t h  2N h y d r o c h l o r i c  a c i d  a n d  
e x t r a c t e d  w i t h  c h l o r o f o r m .  The c h l o r o f o r m  s o l u t i o n  was w ash ed  
w i t h  w a t e r ,  d r i e d  (Na^SOj^) a n d  e v a p o r a t e d  t o  d r y n e s s  t o  a f f o r d  
a  b u f f  s o l i d  ( a c i d s  f r a c t i o n )  (5 3 2  m g . ) ,  t h e  NMR s p e c t r u m  o f  
w h ich  i s  r e p r o d u c e d  i n  p a r t  i n  t h e  s p e c t r a  s e c t i o n .
b )  A s i m i l a r  e x p e r i m e n t  was c a r r i e d  o u t  i n  t - b u t a n o l  u s i n g  
p o t a s s i u m  t - b u t o x i d e  a s  b a s e ,  w i t h  a  s i m i l a r  w o rk -u p  p r o c e d u r e .  
The NMR s p e c t r u m  o f  t h e  a c i d s  f r a c t i o n  i s  r e p r o d u c e d  i n  p a r t
i n  t h e  s p e c t r a  s e c t i o n .
c )  A s i m i l a r  e x p e r im e n t  was c a r r i e d  o u t  i n  m e th a n o l  w i t h  
sod ium  m e th o x id e  a s  b a s e ,  w i th  a  s i m i l a r  w o rk -u p  p r o c e d u r e .
The NMR o f  t h e  a c i d s  f r a c t i o n  i s  r e p r o d u c e d  i n  p a r t  i n  t h e  
s p e c t r a  s e c t i o n .
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M e th y le n e d io x y b e n z e n e .
A s o l u t i o n  o f  c a t e c h o l  (2 2 0  g . ,  2 .0 0  m ol) i n  d i m e t h y l -  
s u l p h o x i d e  ( l 80  m l ) ,  t o t a l  volum e 36O m l . ,  was ad d e d  i n  
e i g h t e e n  20 ml p o r t i o n s ,  a t  4 m in u te  i n t e r v a l s ,  w i th  
s i m u l t a n e o u s  a d d i t i o n  o f  sod ium  h y d r o x id e  p e l l e t s  ( 9 . 2  g .  
p o r t i o n s ,  t o t a l  165*6  g . , 4 . l 4  m o l ) ,  t o  a  s t i r r e d  s o l u t i o n  
o f  d i c h lo r o m e t h a n e  (220  ml) i n  d i m e t h y l s u l p h o x i d e  (400  m l) 
h e a t e d  t o  r e f l u x  (1 0 5 ° )  u n d e r  n i t r o g e n .  D ic h lo ro m e th a n e  
(5 0  m l) was ad d e d  a f t e r  r e a c t i o n  t im e  o f  75 m i n u t e s ,  and  
a g a i n  (50  ml) a f t e r  a  f u r t h e r  20 m i n u t e s .  W ater  was t h e n  
ad d e d  i n  p o r t i o n s  (1 0 0  m l) w i t h  c o n c u r r e n t  d i s t i l l a t i o n  
( b . p .  c a .  1 1 0 ° )  s u c h  t h a t  t h e  t o t a l  volum e o f  t h e  r e a c t i o n  
m i x tu r e  r e m a in e d  a p p r o x i m a t e l y  c o n s t a n t .  A f t e r  1 . 4  l i t r e s  
o f  c o l o u r l e s s  d i s t i l l a t e  was c o l l e c t e d ,  t h e  o r g a n i c  p h a s e  i n  
t h e  d i s t i l l a t e  was s e p a r a t e d  a n d  th e  a q u e o u s  p h a s e  was e x t r a c t e d  
w i t h  e t h e r  (1  x 200 m l . , 2 x  100 m l ) .  The com bined  o r g a n i c  
p h a s e s ,  d e r i v e d  from  t h e  d i s t i l l a t e ,  w ere d r i e d  (MgSO^^), an d  
e t h e r  was rem oved  by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  
( w a t e r  pump) a t  2 1 ° .  The c o l o u r l e s s  r e s i d u a l  o i l  was d i s t i l l e d  
t o  a f f o r d  m e th y le n e d io x y b e n z e n e  (2 1 0  g . , 86%) b . p .  6 2 ° / l l  mm Hg 
( l i t . ^ ^ °  b . p .  7 4 ° /2 2  mm H g).
3 , 4 - M e th y l e n e d io x y a c e to p h e n o n e .
P e r c h l o r i c  a c i d  (60%, 1 . 2  m l) was a d d e d  t o  a  s o l u t i o n  o f  
m e th y le n e d io x y b e n z e n e  (100  g . , 0 .8 2  m ol) a n d  a c e t i c  a n h y d r i d e  
(200  m l) an d  t h e  b l a c k  s o l u t i o n  was h e a t e d  on a  s te a m  b a t h  
f o r  30  m i n u t e s ,  c o o l e d ,  an d  s t i r r e d  w i th  a q u e o u s  sodium
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c a r b o n a t e  f o r  1 h o u r .  The m i x t u r e  was e x t r a c t e d  w i th
d ic h lo r o m e t h a n e  (1  x 500  m l . ,  2 x  50  m l) a n d  t h e  com bined
e x t r a c t s  w ere w ashed  w i t h  w a te r  (1 0 0  m l ) ,  d r i e d  (Na^SO^^),
a n d  e v a p o r a t e d  t o  d r y n e s s  a t  r e d u c e d  p r e s s u r e  ( w a t e r  pump)
a t  3 0 ° .  The r e s u l t a n t  b l a c k  t a r  was e x t r a c t e d  w i t h  b o i l i n g
p e t r o l  ( 6 0 - 8 0 ° ,  6 x  5 0 0 ml) an d  t h e  com bined  e x t r a c t s  w ere
c o o l e d  a n d  f i l t e r e d .  The f i l t r a t e  was c o n c e n t r a t e d  t o
200 ml by d i s t i l l a t i o n  o f  s o l v e n t  a t  r e d u c e d  p r e s s u r e  a t  30° .
The m i x tu r e  was f i l t e r e d  an d  t h e  com bined  r e s i d u e s  w ere
w ashed  w i t h  p e t r o l  ( 4 0 - 6 0 ° ,  100 m l)  a n d  d r i e d  t o  a f f o r d
3 , 4-me t h y l e n e  d io x y a c e  to p h e n o n e  ( ? 4 . 3  g . , 55*5% c o n v e r s i o n )
a s  a  p a l e  y e l lo w  s o l i d ,  m .p .  8 3 - 8 4 °  ( l i t . ^ ^ ^  m .p .  8 4 - 8 5 ° ) ;
A a x .^ ^ ® ^  ( ^ )  (EtOH) 2 2 8 .5  ( 1 7 , 3 0 0 ) ,  272 ( 6 , 3 0 0 ) ,  308 ( 7 , 4 0 0 ) ;
V  ( c m .“ ^ )  (C H B r,)  2880 (CH _), 1675 ( 0 = 0 ) ,  930 (OCH.O); max. 3 V ^
NMR (CDCl^) 2 .5 0  (3H, s ;  COCH^); 6 .7 8  ( IH ,  d ,  J  = 8 Hz; C ^ -H ) ;
7 .3 8  ( IH ,  d ,  J  = 2 Hz; C ^ -H ) ; 7 . 3 2  ( IH ,  d o f  d ,  J  = 8 a n d  
2 Hz; C g -H ).
N - ( 2 , 2-Dime t h o x y e t h y l ) - 2 , 3 - d i m e t h o x y - 6 - ( 3 , 4-me t h y l e n e d i o x y -  
p h e n a c y l )  b en za m id e  ( 3 1 9 ) .
A s u s p e n s i o n  o f  7 , 8 - d im e th o x y i s o c o u m a r in  ( 1 5 .7  g . ,
4 8 . 2  mmol) i n  a m i n o a c e t a l  (20  m l) an d  d i m e t h y l s u l p h o x i d e  
(1 5 0  m l) was s t i r r e d  f o r  2 w eeks a t  c a .  2 0 ° .  The l i g h t  r e d  
s o l u t i o n  was p o u r e d  i n t o  w a te r  (2  l i t r e s )  a n d  e x t r a c t e d  w i t h  
e t h e r  (3  x 300 m l ) .  The com bined  e t h e r e a l  e x t r a c t s  w ere  
s t o o d  f o r  1 h o u r  a n d  f i l t e r e d .  The r e s i d u e  was w ashed  w i t h  
d r y  e t h e r  (2  x  10 m l) an d  d r i e d  t o  o b t a i n  !N - ( 2 , 2 - d im e th o x y -
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e t h y l ) - 2 , 3 - d i m e t h o x y - 6 - ( 3>4 - m e t h y l e n e d i o x y p h e n a c y l ) b en za m id e  
(3 1 9 )  ( 5 . 6 0  g . ,  1 3 .0  m m ol.,  27%) m .p .  1 3 2 . 5 - 1 3 3 . 5 ° .  The 
e t h e r e a l  f i l t r a t e  was e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  r e s i d u e  
was w ashed  w i t h  d ry  e t h e r  (2  x  10 m l) an d  d r i e d  t o  a f f o r d  
( 3 1 9 ) ( 2 .3 0  g . , 5 . 3%) a s  a n  o f f - w h i t e  s o l i d ,  m .p .  129 - 1 3 0 ° .
The a q u e o u s  d im e t h y l s u l p h o x i d e  s o l u t i o n  was e x t r a c t e d  w i t h  
d ic h lo r o m e t h a n e  (3  x  300  m l) a n d  t h e  co m b in ed  e x t r a c t s  w ere  
w ashed  w i t h  w a te r  ( 1 x 2 l i t r e s ,  2 x 1 l i t r e )  an d  d r i e d  
(Nag802^) an d  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was t r i t u r a t e d  
w i th  e t h e r  t o  o b t a i n  a  f u r t h e r  s am p le  o f  ( 3 1 9 ) ( 2 .2 0  g . , 5 . 1%) 
a s  a  v e r y  p a l e  brow n s o l i d ,  m .p .  1 2 9 - 1 3 0 ° .  (  T o t a l  y i e l d  1 0 .1  g . ,
2 3 .5  mmol, 4 8 .7 % ) ,  a n a l y t i c a l  s a m p le ,  m .p .  1 3 2 . 5 - 1 3 3 . 5 ° ;  
^ g ^ . ( n m )  ( £ )  (EtOH) 205 ( 4 8 , 8 0 0 ) ,  23O ( 2 9 , 7 0 0 ) ,  278  ( 9 , 1 5 0 ) ,
314 (9,150), \i%^^220 ( 24,400), 252 ( 2,290), 294 (6,870);
V a ^ . ( c m . ” ^ )  (CHBr^) 3420 ( b r o a d ,  m, NH), 285O (OCH^),
1 6 9 0 -1 6 5 0  ( c a r b o n y l s ) ,  940 (OCH^O); NMR (CDCl^) 3 .3 2  ( 6h ,  s ;  
CH(OCH^)g); 3 .3 7  (2H, a p p a r e n t  t ,  J  ^  5 . 5  Hz; -NH CH^-CH-);
3 .8 6  ( 6H, s ;  2 X ArOCH^); 4 .3 0  (2H , s ;  ArCH^CO); 4 .3 8  j l H ,  t ,
J  = 5 . 5  Hz; CHgCH(O.CH^) j ;  6 .0 2  (2H , s ,  -OCH^O-) ; 6 . 5 4  ( IH ,  
b r o a d  t ,  5 . 5  Hz; -NH) ; 6 .8 6  ( IH ,  d ,  J  = 8 Hz; C^*-H) ;
6 .8 9  (2H , s ;  C^-H a n d  C ^ -H ) ; 7 .5 0  ( IH ,  d ,  J  = 1 . 5  Hz; C ^ * -H );  
7 .6 8  ( IH ,  d o f  d ,  J  = 1 . 5  a n d  8 Hz; C ^ '-H )  (F o u n d : C, 6 1 . 3 ;
H, 5 . 8 ;  N, 3 . 2 .  C^^H^^NOg r e q u i r e s  C, 6 1 .2 5 ;  H, 5 . 8 ;  N, 3 .2 5 % ) .
A t te m p te d  p r e p a r a t i o n s  o f  7 , 8 - d i m e t h o x y - 2 - ( 2 , 2 - d i m e t h o x y e t h y l ) -  
3 - ( 3 , 4 - m e t h y le n e d io x y p h e n y l )  i s o c a r b o s t y r i l  (3 0 3 ;  R=OMe) .
a )  A s o l u t i o n  o f  N -( 2 , 2 -d im e  t h o x y e t h y l ) - 2 , 3 - d im e th o x y - 6 - ( 3 , 4 -
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m e th y le n e d io x y p h e n a c y l )  b en za m id e  (3 1 9 )  ( 0 .9 5  g . , 2 .2 1  mmol) 
i n  b e n z e n e  (60  m l) was h e a t e d  u n d e r  r e f l u x  f o r  l 6  h o u r s  u n d e r  
a  Dean a n d  S t a r k  h e a d .  E v a p o r a t i o n  o f  t h e  s o l v e n t  a f f o r d e d  
t h e  s t a r t i n g  m a t e r i a l  a s  an  o f f - w h i t e  s o l i d ,  m .p .  1 3 2 -1 3 3 ° -  
Mixed m .p .  1 3 2 - 1 3 3 ° .
b )  A s i m i l a r  r e a c t i o n  t o  ( a ) ,  b u t  u s i n g  x y le n e  a s  s o l v e n t  
an d  a d d i n g  t r i - n - b u t y l a m i n e  ( 0 . 1  m l) a l s o  a f f o r d e d  o n ly  t h e  
s t a r t i n g  m a t e r i a l ,  ( 3 1 9 ) .
c )  A s o l u t i o n  o f  (3 1 9 )  ( 0 .6 0  g . , 1 .4 0  mmol) i n  d i m e t h y l ­
fo rm am ide  (20  m l) was h e a t e d  u n d e r  r e f l u x  f o r  2 d a y s ,  t h e n  
e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  e t h y l  
a c e t a t e  -  e t h e r  ( 1 : 1 )  (3 0  m l) a n d  t h e  s o l u t i o n  was w ashed  
w i t h  w a te r  (3  x  10 m l ) ,  b r i n e  (2  x 10 m l ) ,  d r i e d  (Na^SO^^), 
an d  e v a p o r a t e d  t o  d r y n e s s  t o  a f f o r d  a  r e d  gum. T r i t u r a t i o n  
o f  t h e  gum w i t h  d ry  e t h e r  gave t h e  s t s i r t i n g  m a t e r i a l  (3 1 9 )  
( 0 .4 0  g . , 66% r e c o v e r y )  a s  a  b u f f  s o l i d ,  m .p .  1 2 9 - 1 3 0 ° .  
E v a p o r a t i o n  o f  t h e  e t h e r e a l  s o l u t i o n  gave  a  r e d  t a r  ( 0 .1 5  g . ) ,  
m u l t ic o m p o n e n t  by TLC i n v e s t i g a t i o n .  A t te m p te d  s e p a r a t i o n
o f  co m p o n en ts  by PLC was u n s u c c e s s f u l .
N - ( 2 , 2 - D im e t h o x y e th y l ) - 2 , 3 - d i m e t h o x y - 6 - [ 2 - h y d r o x y - 2 - ( 3 , 4 -  
m e th y l e n e d i o x y p h e n y l ) e t h y l ]  b en za m id e  (3 2 4 ;  R=H).
To a  s o l u t i o n  o f  N -( 2 , 2 -d im e  t h o x y e t h y l ) - 2 , 3 - d im e th o x y - 6 -
X
(3 $ 4 - m e th y le n e d io x y p h e n a c y l )  b en zam id e  (3 1 9 )  ( 2 .6 9  g . ,
6 . 4 4  mmol) i n  95% e t h a n o l  (80  m l) was a d d e d  sod ium  b o r o h y d r id e  
( 2 . 0  g . )  an d  t h e  s o l u t i o n  was s t i r r e d  f o r  2 h o u r s ,  t h e n  
e v a p o r a t e d  t o  n e a r  d r y n e s s .  C h lo ro fo rm  (5 0  m l) an d  w a te r
13:0.
(6 0  m l) w ere  a d d e d  an d  t h e  o r g a n i c  p h a s e  was w ashed  w i t h  w a te r  
(2  X 30  m l) an d  d r i e d  (Na^SO^^) an d  e v a p o r a t e d  t o  d r y n e s s  t o  
g iv e  a  p a l e  y e l lo w  gum. C r y s t a l l i z a t i o n  from  b en ze n e  (5 0  ml) 
a n d  p e t r o l  ( 6 0 - 8 0 ° ,  60  m l) gave  N -( 2 , 2 -d im e  th o x y e  t h y l ) - 2 , 3 -  
d im e th o x y - 6 -  [2 - h y d r o x y - 2 - (3  « 4-me t h y l e n e  d io x y p h e  n y l ) e th y ] ]  -  
b en za m id e  (3 2 4 ;  R=H) ( 2 .5 3  g . , 94%), m .p .  1 2 1 - 1 2 2 ° ;  ^  (nm) 
( 6 ) (EtOH) 205  ( 5 7 , 7 0 0 ) ,  287  ( 6 , 3 4 0 ) ,  "X ^^^^258 ( 1 , 0 0 0 ) ,
X ^ f l e x .2 3 1  ( 1 3 , 9 0 0 ) ;  B iax.^°“ * '^ ^  (CHBr^) 3420 ( s ,  s h ,  NH),
3300  ( b r o a d ,  s ,  OH), 2850  ( w , OMe), 2790 ( w ) ,  1645 (CONH),
940 (OCH^O); NMR (CDCl^) 3 .8 6  ( 6H, s ;  2 x  ArOCH^); 4 . 0 - 4 . 3  ( IH ,
broad, removed by D^O; OH); 4 .5 0  ( IH ,  t ,  J = 5 Hz; -CH-OH);
4 .7 4  ( IH ,  b r o a d  t ,  7Hz; NHCH^CH-); 5 .9 5  (2H, s ;  -OCH^O-);
I
6 .6 3  ( IH ,  broad t ,  J — 7 Hz; -NH) ; 6 . 7 5 - 7 . 0  (5H , m, aro m a tic s )
(F o u n d ;  C, 6 1 .0 5 ;  H, 6 . 1 ;  N, 3 . 4 .  ^22®27^^8
C, 6 1 . 0 ; H, 6 . 3 ;  N, 3 . 2% ).
A t te m p te d  p r e p a r a t i o n  o f  N -( 2 , 2 -d im e t h o x y e t h y l ) - 2 , 3 -d im e  th o x y -  
6 -  C2- h y d r o x y - 2 - ( 3 , 4 - m e t h y le n e d io x y p h e n y l ) e t h y l ]  b e n z y la m in e  ( 3 2 0 ) ,
a )  L i th iu m  a lu m in iu m  h y d r i d e  ( 0 .2 5  g . )  was a d d e d  to  a  s o l u t i o n  
o f  N - ( 2 , 2 - d i m e t h o x y e t h y l ) - 2 , 3 -d im e  t h o x y - 6 - ( 3 , 4 - m e t h y le n e d io x y ­
p h e n a c y l )  ben zam id e  ( 0 .3 0  g . , 0 .7 0  mmol) i n  d r y  t e t r a h y d r o f u r a n  
(4 0  m l) an d  t h e  m i x tu r e  was h e a t e d  u n d e r  r e f l u x  f o r  1 . 5  h o u r s .
An a q u e o u s  s o l u t i o n  o f  sod ium  p o ta s s iu m  t a r t r a t e  was a d d e d  
d ro p w is e  t o  t h e  s t i r r e d ,  c o o l e d  m i x t u r e ,  t h e n  f i l t e r e d ,  a n d  th e  
r e s i d u e  was w ashed  w i t h  t e t r a h y d r o f u r a n .  The com bined  f i l t r a t e s  
w ere  e v a p o r a t e d  t o  n e a r  d r y n e s s  an d  t h e  r e s i d u e  was s h a k e n  w i t h  
e t h e r  (4 0  m l) a n d  w a t e r .  The e t h e r e a l  s o l u t i o n  was e x t r a c t e d  
w i t h  i c e - c o l d  2N s u l p h u r i c  a c i d  (3  x 10 m l) a n d  th e  e x t r a c t s
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w ere com bined  t o  g iv e  s o l u t i o n  A* The e t h e r e a l  s o l u t i o n  was 
w ashed  w i t h  s a t u r a t e d  a q u e o u s  so d iu m  b i c a r b o n a t e  (3 0  m l ) ,  
w a te r  (3 0  m l ) ,  d r i e d  (Na^SO^^), a n d  e v a p o r a t e d  t o  g iv e  t h e  
h y d ro x y -a m id e  (3 2 4 ;  R=H) ( 0 .1 9 8  g . , 66%), m .p .  1 1 7 - 1 1 9 ° ;  NMR 
a n d  IR s p e c t r a  w ere  i d e n t i c a l  t o  t h o s e  o f  (3 2 4 ;  R=H) p r e p a r e d  
by r e d u c t i o n  o f  t h e  k e to - a m id e  (3 1 9 )  by so d iu m  b o r o h y d r i d e .
The i c e - c o l d  s o l u t i o n  A was b a s i f i e d  w ith  aqueous ammonia 
and e x tr a c te d  w ith  e th e r  (3  x  20 m l) .  The combined e x t r a c t s  
were washed w ith  water (20 m l) ,  br in e  (20 m l) ,  d r ied  (Na^SO^ )^ 
and evaporated  to  dryness to  o b ta in  a red  gum (4 0  m g. , 13% w /w ), 
multicomponent by TLC. Attempted i s o l a t i o n  o f  pure 
components by PLC was u n s u c c e s s f u l .
b ) A s i m i l a r  r e a c t i o n  was c a r r i e d  o u t  i n  b o i l i n g  d io x a n  b u t  
o n ly  13% w/w o f  b a s i c  m a t e r i a l  was i s o l a t e d  a n d  t h i s  was a l s o  
a n  i n t r a c t a b l e  r e d  gum.
N -( 2 , 2 -D im eth o x y e  t h y l ) - 2 , 3 -d im e  t h o x y - 6 - [ 2 - m e t h o x y - 2 - ( 3 , 4 -  
m e th y le n e  d io x y p h e  n y l  )e  th y  3  b en za m id e  (3 2 4 ;  RsM e).
A s o l u t i o n  o f  t h e  h y d ro x y -a m id e  (3 2 4 ;  R=H) ( 2 .5 3  g . ,
5 .5 5  mmol) i n  m e th a n o l  (4 0  m l) a n d  a c e t i c  a c i d  (40  m l) was 
h e a t e d  u n d e r  r e f l u x  f o r  2 . 5  h o u r s ,  t h e n  e v a p o r a t e d  t o  d r y n e s s .
The r e s i d u e  was d i s s o l v e d  i n  c h l o r o f o r m  (40  m l) an d  w ash ed  w i t h  
2N ammonia (20  m l ) ,  b r i n e  (2  x  20 m l ) ,  d r i e d  (Na^SO^) a n d  
e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  warm b e n z e n e  
( c a .  50  m l) an d  p e t r o l  ( 60 - 80° ,  c a .  60  m l) was ad d e d  u n t i l  t h e  
s o l u t i o n  became c l o u d y .  A f t e r  s t a n d i n g  a t  1 7 °  f o r  16  h o u r s ,  t h e  
s o l i d  was c o l l e c t e d  a n d  d r i e d  t o  r e c o v e r  (3 2 4 ;  R=H) ( 1 . 2 3  g . ,
% ). The f i l t r a t e  was e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  r e s i d u e
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1 . 5  g . )  was c h r o m a to g ra p h e d  (PLC, 1 m e tre  p l a t e ,  1 . 0  mm. 
t h i c k n e s s )  on a lu m in a  ( N a g e l ) ,  e l u t i n g  11 t i m e s  (100% b e n z e n e ) ,  
t o  o b t a i n  N - ( 2 , 2 - d i m e t h o x y e t h y l ) - 2 , 3 -d im e th o x y -6 -Ç 2 -m e t h o x y - 2 -  
( 3 , 4 - m e t h y l e n e d i o x y p h e n y l ) e t h y £] b enzam ide  (3 2 4 ;  R=Me) ( 0 . 8 0  g . , 
1 .7 9  mmol, 31%) a s  a  c o l o u r l e s s  v i s c o u s  gum; (nm) (&)max.
(EtOH) 285 ( 6 , 7 5 0 ) ,  ^ i n f l e x . ( 1 4 , 9 0 0 ) ;  ( t h i n
f i l m )  3300 ( b r o a d ,  NH), 2840 (w, OMe), l 6 6 0  (CO.NH), 935 
(OCHgO); NMR (CDCl^) 2 . 8 2 ,  2 . 8 6 ,  2 .9 2  an d  3 .0 0  (4  »s»;  -NHCH^-); 
3 .1 3  (3H, s ;  ArCHOCH^); 3 . 4 3  (6H, s ; CH(OCH^)^); 3 .5 8  (2H , * t * ,
J  = 5 Hz; A rC H ^-); 4 . 1 - 4 . 4 5  ( IH ,  m; CHgCH(OCH^)g); 4 .5 2  ( IH ,  t ,
J  = 5 Hz; A r^ -O C H ^ )  ; 5 .9 7  (2H, s ;  -OCH^O-); 6 . 3 - 6 . 7  ( IH ,  b r o a d ;  
-N H ); 6 . 7 - 6 . 9 5  (5H, m; a r o m a t i c s )  (F o u n d : C, 6 l . 6 ;  H, 6 . 4 ;
N, 3 . 2 .  (^23^29^^8 C, 6 1 . 7 ;  H, 6 . 5 ;  N, 3 .1 % ) .
A t te m p te d  c y c l i z a t i o n s  o f  N - ( 2 , 2 -d im e th o x y e  t h y l ) - 2 , 3 -d im e  t h o x y -
6 - [h-me t h o x y - 2 - ( 3 , 4 - m e th y le n e  d i o x y p h e n y l ) e t h y j  benzam ide  (3 2 4 ;  R=Me).
a )  Compound (3 2 4 ;  R=Me) (2 0 0  mg) was d i s s o l v e d  i n  b e n z e n e  
(1 0  m l) a n d  t r i e t h y l a m i n e  (1 0  ml) an d  th e  s o l u t i o n  was h e a t e d  
u n d e r  r e f l u x  f o r  3 h o u r s .  A f t e r  c o o l i n g ,  t h e  s o l u t i o n  was 
e v a p o r a t e d  t o  d r y n e s s  t o  r e c o v e r  u n ch a n g e d  (3 2 4 ;  R=Me) (1 9 7  m g).
b )  Compound (3 2 4 ;  R=Me) (200  mg) was a d d e d  t o  a  s u s p e n s i o n  o f  
sod ium  h y d r i d e  (2 6  m g . , 50% o i l  s u s p e n s i o n ,  1 . 2  m o la r  e q u i v s . )
i n  d r y  d im e th y l fo rm a m id e  (3 0  m l) u n d e r  n i t r o g e n .  The m i x tu r e  was 
s t i r r e d  f o r  3 h o u r s  a t  c a .  5 0 - 6 0 ° ,  t h e n  n - p r o p a n o l  (5  m l) was 
a d d e d  an d  th e  s o l u t i o n  was e v a p o r a t e d  t o  n e a r  d r y n e s s .  The 
r e s i d u a l  o i l  was s h a k e n  w i t h  e t h e r  (40  m l) a n d  w a te r  (10  m l) an d  
t h e  e t h e r e a l  s o l u t i o n  was w ashed  w i th  w a te r  (2  x  10 m l ) ,  b r i n e  
(2 0  m l) an d  d r i e d  (Na^SO^) a n d  e v a p o r a t e d  t o  d r y n e s s  t o  r e c o v e r  
c r u d e  s t a r t i n g  m a t e r i a l  (3 2 4 ;  RsMe) (2 0 4  m g . ) .
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c )  Compound (3 2 4 ;  R=Me) (200  mg) was d i s s o l v e d  i n  h o t  t e t r a l i n  
(1 0  m l) a n d  d e c a l i n  (10  ml) an d  t h e  s o l u t i o n  was h e a t e d  u n d e r  
r e f l u x  f o r  6 h o u r s .  P e t r o l  ( 8 0 - 1 0 0 ° ;  30 m l) was a d d e d  t o  t h e  
c o o l e d  m i x tu r e  a n d  s o l v e n t  was d e c a n te d  t o  l e a v e  a  gum w h ich  
was w ashed  w i t h  p e t r o l  ( 4 0 - 6 0 ° ;  3 x 5  ml) a n d  d r i e d  t o  r e c o v e r  
s t a r t i n g  m a t e r i a l  (3 2 4 ;  R=Me) ( l 7 3  m g).
A n a ly s e s  o f  t h e  above  p r o d u c t s  w ere  by m eans o f  NMR, IR and  
q u a l i t a t i v e  UV s p e c t r a ,  a n d  TLC.
A t te m p te d  p r e p a r a t i o n  o f  N -( 2 , 2 -d im e  th o x y e  t h y l ) - 2 , 3 -d im e  t h o x y - 6 -  
[ 2 - m e th o x y - 2 - ( 3 , 4 - m e t h y l e n e d io x y p h e n y l ) e t h y l ]  b e n z y la m in e  
(3 2 7 :  R=H, R^sOMe).
A IM s o l u t i o n  o f  d ib o r a n e  i n  d ig ly m e  (1 0  m l) was a d d e d  t o  a  
s o l u t i o n  o f  t h e  m e th o x y -am id e  (3 2 4 ;  R=Me) ( 0 .2 8 0  g . )  i n  d ig ly m e  
(1 0  m l) a n d  t h e  s o l u t i o n  was l e f t  a t  21 °  f o r  12 h o u r s ,  t h e n  
h e a t e d  u n d e r  r e f l u x  f o r  5 h o u r s .  M e th an o l (5  m l) was a d d e d  t o  
t h e  c o o l e d  s o l u t i o n  a n d ,  a f t e r  10 m i n u t e s ,  t h e  s o l u t i o n  was 
e v a p o r a t e d  t o  n e a r  d r y n e s s .  M e th an o l (25  m l) an d  2N so d iu m  
h y d r o x id e  ( 7 . 5  m l) w ere  a d d e d  a n d  th e  s o l u t i o n  was h e a t e d  u n d e r  
r e f l u x  f o r  3 . 5  h o u r s ,  t h e n  e v a p o r a t e d  t o  n e a r  d r y n e s s .  The 
r e s i d u e  was d i s s o l v e d  i n  e t h e r  (3 0  m l) an d  w a te r  (20  m l) a n d  th e  
e t h e r e a l  s o l u t i o n  was e x t r a c t e d  w i t h  i c e - c o l d  2N s u l p h u r i c  a c i d  
(2  X 10 m l ) .  The com bined  e x t r a c t s  w ere  b a s i f i e d  w i t h  a q u e o u s  
ammonia an d  e x t r a c t e d  w i t h  e t h e r .  The co m b in ed  e x t r a c t s  w ere  
w ashed  w i th  b r i n e ,  d r i e d  (N a^SO ^), a n d  e v a p o r a t e d  t o  d r y n e s s  t o  
o b t a i n  a  l i g h t  g r e y  gum ( 0 .1 9 7  g .»  70% w /w );  NMR (CDCl^) ( i n  
p a r t  o n l y )  3 . 1  t o  3 . 5  ( '^  2H, m ).
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2 , 3 -D im et h o x y - 6 - io d o b e n z a m id e  (3 2 9 ;  R=H).
A s o l u t i o n  o f  2 , 3 -d im e t h o x y - 6 - i o d o b e n z o i c  a c i d  ( 4 .0 0  g . ,
1 3 .0  mmol) i n  d i c h lo r o m e t h a n e  (5 0  m l) an d  t h i o n y l  c h l o r i d e  
( 5 .0  m l) was h e a t e d  u n d e r  r e f l u x  f o r  4  h o u r s ,  t h e n  e v a p o r a t e d  
t o  d r y n e s s .  The r e s i d u a l  o i l  was d i s s o l v e d  i n  d ry  b e n z e n e  
(40  m l)  an d  t h e  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  a n d  t h i s  
p r o c e s s  was r e p e a t e d  w i th  f u r t h e r  p o r t i o n s  o f  d ry  b e n z e n e .
The o i l  was d i s s o l v e d  i n  b e n z e n e  (50  m l) a n d  t h e  s o l u t i o n  was 
s t i r r e d  w i t h  36% ammonia s o l u t i o n  (5 0  m l) f o r  t e n  m i n u t e s .
P e t r o l  ( 60 - 80° ,  100 m l) was a d d e d  an d  th e  m i x tu r e  was f i l t e r e d .  
The y e l lo w  s o l i d  was w ashed  t h o r o u g h l y  w i t h  w a t e r ,  t h e n  w i t h  
e t h e r  (2 0  m l) an d  d r i e d  t o  g iv e  2 , 3 -d im e t h o x y - 6 - io d o b e n z a m id e  
(3 2 9 ;  R=H) ( 3 .7 6  g . , 94%) a s  a  p a l e  y e l lo w  s o l i d ,  m .p .  2 0 0 - 2 0 3 ° ;  
X  (nm) ( t )  (EtOH) 236  ( 1 3 , 8 0 0 ) ,  284 ( 2 , 7 9 0 ) ;  "V ( c m .“ ^ )%n&x # uicuc •
(CHBr^) 3400 ( s h ,  s ) ,  3200 ( s h ,  s ) ,  l 6 4 0  a n d  I 610  (CO.NH); NMR 
(CDCl^ + DMSO-d^) 3 . 5 - 4 . 1  ( IH ,  b r o a d ,  rem oved  by D^O; -N H );
3 .8 5  (6H, 8 ,  2 X Ar-OCH^); 6 .7 7  ( IH ,  d ,  J  = 8 . 5  Hz; C^-H ) ;  7 .5 1
( IH ,  d ,  J  = 8 .5  Hz; C ^-H ); ^  7 . 1  a n d  ^  7 . 5  ( IH ,  " d " ,  b r o a d ,
rem oved  by D^O; -NH) (F ound ; C, 3 4 . 9 ;  H, 3 . 1 ;  N, 4 . 5 ;  I ,  4 0 . 8 .  
C^H^q INO^ r e q u i r e s  C, 3 5 . 2 ;  H, 3 . 3 ;  N, 4 . 6 ;  I ,  4 1 .3 % ) .
N - ( 2 , 2 - D i m e t h o x y e th y l ) - 2 , 3 -d im e th o x y - 6 - io d o b e n z a m id e  [3 2 9 ; 
R=CH_CH(OMe)J  .
A s o l u t i o n  o f  2 , 3 - d im e th o x y - 6 - io d o b e n z o ic  a c i d  ( 2 .0 0  g . ,
6 .5  mmol) i n  d ic h lo r o m e th a n e  (2 5  m l) a n d  t h i o n y l  c h l o r i d e
( 2 .5  m l) was h e a t e d  u n d e r  r e f l u x  f o r  4 h o u r s ,  t h e n  e v a p o r a t e d
t o  d r y n e s s .  The r e s i d u a l  o i l  was e v a p o r a t e d  t o  d r y n e s s  w i t h
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s e v e r a l  p o r t i o n s  o f  d ry  b e n z e n e ,  t h e n  d i s s o l v e d  i n  b e n z e n e  
(2 5  m l) an d  p y r i d i n e  (5  m l ) . A m in o a c e ta l  (5  m l) was a d d e d  
an d  t h e  m ix tu r e  was s t i r r e d  f o r  2 h o u r s ,  t h e n  d i l u t e d  w i t h  
e t h y l  a c e t a t e  (50  m l ) ,  an d  w ashed  w i t h  2N h y d r o c h l o r i c  a c i d  
(50  m l ) ,  w a te r  (5 0  m l ) ,  b r i n e  (5 0  m l) a n d  d r i e d  (Na^SO^) a n d  
e v a p o r a t e d  t o  d r y n e s s .  The r e s u l t a n t  v i s c o u s  r e d  o i l  ( 2 . 6 9  g . ) 
was t r i t u r a t e d  w i t h  p e t r o l  ( 6 0 - 80° )  an d  t h e  s o l i d  was d r i e d  t o  
g iv e  N - ( 2 , 2 - d i m e t h o x y e t h y l ) - 2 , 3 - d im e th o x y - 6 - io d o b e n z a m id e  
[3 2 9 ; R=CH^CS(OMe)^ ( 2 .2 6  g . ,  85% ), m .p .  8 7 - 89 ° ;  X ( n m )
( ^ )  (EtOH) 237  ( 1 3 , 5 0 0 ) ,  284 ( 3 , 2 8 0 ) ; V  ^ ^ ^ ^ ( c m .“ ^ )  ( n u j o l )
3 3 5 0 , 1 6 6 0 ; NMR (CDCl^) 3 .4 2  ^ 6 H ,  s ;  -CH(OCH^)^ ; 3 . 5 4  (2H , 
q ,  J  = 6 Hz; -NHCH^-); 3 .8 4  (6H, s ;  2 x  Ar-OCH^); 4 . 5 4  ( I H ,  t ,
J  = 6 Hz; CH^CH-); 6 . 0  (IH, b r o a d  s ;  -CO.NH-); 6 .6 7  (IH, *d*,
J  = 9 Hz; C^-H) ;  7 .4 7  ( IH ,  *d*,  J  = 9 Hz; C^-H) (F ound :
C, 3 9 . 3 ;  H, 4 . 4 ;  I ,  3 2 . 3 ; N, 3 . 4 .  C^^H^glNO^ r e q u i r e s  C, 3 9 . 5 ;
H , 4 . 6 ;  I ,  3 2 . 1 ;  N, 3 .5 % ) .
3 - ( 2 , 3-Dime th o x y b e n z y la m in o ) - 1 - ( 3 , 4 - m e th y le n e  d i o x y p h e n y l ) b u t - 2 -  
enone  ( 3 3 2 ) .
A s o l u t i o n  o f  2 , 3 -d im e th o x y b e n z y la m in e  ( 1 .0 0  g . , 6 .0 0  mmol) 
an d  l - ( 3 , 4 - m e t h y l e n e d i o x y p h e n y l ) b u t a n - 1 ,3 - d i o n e  ( 3OO) ( I .3 0  g . ,
6 .0 0  mmol) i n  t o l u e n e  (100  m l) was h e a t e d  u n d e r  r e f l u x ,  u n d e r  a  
Dean a n d  S t a r k  w a te r  s e p a r a t o r ,  f o r  I 6 h o u r s .  The s o l u t i o n  was 
e v a p o r a t e d  t o  d r y n e s s ,  t r i t u r a t e d  f i r s t  w i t h  p e t r o l  ( 60 - 8 0 ° ) ,  
t h e n  w i t h  e t h e r ,  an d  t h e  r e s i d u a l  p a l e  y e l l o w  s o l i d  was d r i e d  to  
o b t a i n  3 - ( 2 , 3 -d im e  th o x y b e n z y la m in o ) - 1 - ( 3 , 4-me t h y l e n e  d i o x y p h e n y l ) - 
b u t - 2 - e n o n e  (3 3 2 )  ( I .0 8  g . , 3 . 0 4  mmol, 51%) m .p .  1 3 1 - 1 3 2 ° .
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^  ( o m ." ^ )  ( n u j o l )  1600  ( b r o a d )  A  (nm) ( e )  (EtOH) 228max• max•
( 1 8 ,7 0 0 ) ,  274 ( 5 ,0 0 0 ) ,  350 (2 9 ,2 0 0 ) ;  NMR (CDCl^) 2.04 (3H, 
b r o a d  s ;  CH -CsrCH) ( s h a r p  a f t e r  d e u t e r a t i o n )  ; 3*82 ( 3H, s ;
I
C H y O ) ;  3 .8 5  (3H, s ;  C H ^-0);  4 .5 0  (2H, d ,  J  = 6 Hz; A r-C H ^ -N -) ;
5 .6 1  (IH, s ;  CO-CHcC-); ( rem o v ed  on d e u t e r a t i o n ) ;  5*91 ( 2H, s ;
-OCH^O-); 6 .7 6  (IH, d ,  J  = 7 Hz; C^-H on a r o y l  g r o u p ) ;
6 . 85 - 7*1  (3H, m; a r o m a t i c s  on  b e n z y l  g r o u p ) ; 7*38 ( IH ,  d ,
J  5 1 .5  Hz; Cg-H on  a r o y l  g r o u p ) ;  7*44 ( IH ,  d o f  d ,  J  = 7 Hz
an d  1 .5  Hz; Cg-H on  a r o y l  g r o u p ) ; 7 * 3 -7 * 6  ( IH ,  b r o a d ,  rem oved  
I
by D^O; -NH) (F o u n d :  C, 6 7 . 4 ;  H, 6 . 0 .  ^ 2 0 ^2 1 ^ ^5
C, 6 7 *6 ; H, 6 .0 % ) .
N-Benzyl acetoacetam id e  (3 3 8 ;  R=PhCH^) .
A s o l u t i o n  o f  b e n z y la m in e  ( 2 . l 4  g . , 20 mmol) an d  e t h y l
a c e t o a c e t a t e  ( 2 .6 0  g . , 20 mmol) i n  t o l u e n e  (1 0 0  m l) was h e a t e d
under r e f lu x  fo r  I 6 hours under a Dean and Stark  water s e p a r a to r .
The s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  an d  t h e  r e s i d u e  was
t r i t u r a t e d  w ith  e th e r  and d r ied  to  o b ta in  N -benzyl acetoacetam id e
( 3 3 8 ; R=PhCH^ )  a s  a  p a l e  y e l lo w  s o l i d  ( 2 .9 0  g . , 76% ), m .p .  9 4 - 9 5 ° ,
V  ( n u j o l )  ( c m ." ^ )  1600  ( b r o a d ) ,  X  (nm) (&) (EtOH) 2 4 7 .5  max .  max .
( 1 , 3 8 0 ) , \  i n f l e x . ( 1 , 2 0 0 ) ,  2 6 3 .5  ( 8 4 0 ) ,  26?  ( 610)5  NMR 
(CDCl ) 1 .8 2  d o sé  o f  3H, s )  CH j-C (O H )=); 2 . 1 3  (90Sé o f  3H, Bj 
CH^CO-); 3*30  ( 90% o f  2H, s ,  rem oved  on d e u t e r a t i o n ;  CO-CH^-CO); 
4 .3 6  (2H , d ,  J  = 5 Hz, c o l l a p s i n g  t o  s  a t  4 . 3 2  on d e u t e r a t i o n ;  
A r - C H ^ - N p ; 7*27 (5H , s ;  a r o m a t i c s ) ,  7 * l - 7 * 7  ( IH ,  b r o a d  m, 
rem oved  on d e u t e r a t i o n ;  -NH-) (F ound ; C, 6 8 . 9 ;  H, 6 .9 *
C11H13NO2 r e q u i r e s  C, 69*1 ; H, 6 .9 % ) .
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2 . 3 -D im e th o x y b e n z a ld o x im e .
A s o lu t io n  o f  hydroxyammonium c h lo r id e  ( 1 0 .5  g . , 0 .1 5  mol) 
in  water ( 12.5  ml) was added to  a s o lu t io n  o f  2 , 3-d im ethoxy-  
benzaldehyde ( 20.75  g* , 0.125  mol) in  warm e th a n o l  (50 m l) ,  
fo l lo w e d  by a s o l u t i o n  o f  sodium hydroxide ( 7 .3  g* , 0 .19  mol) 
in  water (10 m l) .  The r e s u l t a n t  w hite  m ixture was s to o d  a t  
21° fo r  20 h ou rs , then  crushed i c e  (80 g . )  was added. The 
m ixture was s a tu r a te d  w ith  carbon d io x id e ,  f i l t e r e d ,  and the  
r e s id u e  was washed w ith  water (3  x 30 m l) ,  and d r ied  to  o b ta in
2 . 3-d im ethoxybenzaldoxim e ( 20.02  g . , 89%), ^  _ (cm.~^)max.
( n u j o l )  3200  (OH), 1655 (-C=N-); NMR (CDCl^) 3 .8 7  ( 6H, s ,
2 X -OCH,); 6 . 8-7.5 (3H, m ;  a r o m a t ic s ) ,  8.5 ( s ,  IH, Ar-CH=N);
9 .3  (IH, broad s ,  removed on d e u te r a t io n ;  sN-OH).
2 . 3 -D im e th o x y b e n z y la m in e .
Zinc powder (50 g . ) was added p o r t io n w ise  over 0.75 hours  
to  a s t i r r e d  s o l u t i o n  o f  2 , 3-d im ethoxybenzaldoxim e ( 32.3  g» ,  
0 .1 7 8 mol) in  g l a c i a l  a c e t i c  a c id  (200 ml) a t  55 to  70°.
A fter  s t i r r i n g  fo r  a fu r th e r  0 .7 5  hours, the mixture was 
f i l t e r e d ,  the r e s id u e  was washed w ith  hot a c e t i c  a c id ,  and the  
combined f i l t r a t e s  were evaporated  to  near dryness  under 
reduced p r e s s u r e .  The r e s id u e  was b a s i f i e d  w ith  aqueous ammonia 
and e x tr a c te d  w ith  chloroform  (1 x 150 ml, 2 x 50 m l) .  The 
combined e x t r a c t s  were then  e x tr a c te d  w ith  2N. HCl (1  x 250 ml,
1 X 100 ml) and th e  combined aqueous a c id  e x t r a c t s  were 
b a s i f i e d  w ith  aqueous ammonia and e x tr a c te d  w ith  chloroform  
(1 X 200 ml, 2 X  50 m l) ,  washed w ith  w ater , d r ie d  (NSgSO^ )^ and
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evaporated  to  dryness  to  o b ta in  2 , 3-dim ethoxybenzylam ine a s  
a y e l lo w  o i l  (2 4 .6 7  g * » 83%). Treatment o f  an e th e r e a l  
s o lu t i o n  o f  2 , 3-dim ethoxybenzylam ine w ith  hydrogen c h lo r id e  
gas a f fo rd ed  2 , 3-dimethoxybenzylammonium c h lo r id e  as  a w h ite  
s o l i d  ( q u a n t i t a t iv e  c o n v e r s io n ) ,  m.p. 157- 159° ; X  (nm) (^)  
278 ( 2 , 100);  V (cm .’ ^) 3200-2500 (b r ,  m u l t . ) ;  2010, 1970 ,max,
1900 , 1800 ( 1 , 2 , 3- t r i s u b s t i t u t e d  benzene) 805 ( s ) ,  768 ( s ) ,
738 ( s ) ,  700 (m); NMR (DMSO-d^) 3 .7 8  ( 6h, s ; 2 x  OCH^); 2 .9  
(2H, broad s ;  ArCH -^NH '^*') ; 6 . 9 5 - 7 .2  (3H, m; a r o m a tic s ) ;
8 . 3 - 9 . 0  (3H, broad, -NH^*^); a f t e r  D^O, 3 .7 5  and 3 .8 2  ( 6h , d;
2 X OCH^); 4 .0 1  (2H, s ;  ArCH -^NH^" )^ ; 7 .1 0  (3H, s ;  a ro m a tic s )  
(Found; C, 5 2 .8 ;  H, 6.7; N, 6.6; C l, 1 7 .6 .  C^H^^CINO  ^
r e q u ir e s  C, 5 3 .0 ;  H, 6.9; N, 6.9; C l, 17.4% ).
3.4-Methylenedioxyphenacyl methylsulphoxide (349).
Sodium hydride (2 9 .6  g . , 50% o i l  s u sp e n s io n ,  O.616  mol) 
was washed w ith  p e t r o l  (4 0 -6 0 ° )  (3  x 200 ml) under n i t r o g e n ,  
then dry d im eth y lsu lp h ox id e  ( 6OO ml) was added and the  
e f f e r v e s c e n t  m ixture was s t i r r e d  a t  ^  68°  fo r  2 hours to  
o b ta in  a l i g h t  grey s o l u t i o n .  Dry te tra h y d ro fu ra n  (300 ml) 
was added and the  s o lu t io n  was c o o le d  to  c a .  6° .  A s o l u t i o n  
o f  methyl 3 ,4 -m eth y len ed io x y b en zo a te  (5 4 .0  g . , O.3OO mol) in  
in  dry te trah yd rofu ran  ( 18O ml) was added w ith  s t i r r i n g  over  
10 m in u tes , temp. ^  1 5 ° .  The s o l u t i o n  was s t i r r e d  fo r  1 .3  
hours a t  1 5 ° ,  poured in to  water (4  l i t r e s ) ,  a c i d i f i e d  w ith  
co n c . HCl (100 ml) and e x tr a c te d  w ith  chloroform  (4  x 500 m l) .  
The combined e x t r a c t s  were washed w ith  water (1 l i t r e ) ,  d r ie d  
(Na^SO^ )^ and evaporated  to  sm all volume when a w hite  s o l i d
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began to  p r e c i p i t a t e .  The m ixture was d i l u t e d  w ith  e th er
( 1 .3  l i t r e s ) ,  s to o d  fo r  2 hours a t  21° ,  f i l t e r e d ,  washed w ith
ether and dried to obtain 3,4-methylenedioxyphenacyl
m eth ylsu lphox ide  (3^9) ( 57.0  g . , 84%) m.p. 1 1 2 -1 1 3 ° ,  X^max
(&) (EtOH) 206 ( 1 4 ,1 0 0 ) ,  234 ( l 6 , 1 0 0 ) ,  2 8 l  ( 6 ,5 5 0 ) ,  318 ( 8 ,8 2 0 ) ,
'X 218 (6,810), 254 (1,640), 294 (4,790); V (pm."^) 
inxzi#   ^ m&jL #
( n u j o l )  1665; NMR (CDCl^) 2 .7 1  (3H, s; 0=S-CH^); 4 .1 5  and 4 .4 3  
(2H, d o f  d, J = 14 Hz; -COCH^-); 6 .0 4  (2H, s; -OCH^O-);
6 .8 5  (IH, d, J = 8 Hz; C^-H);  7 .4 0  (IH, d, J = 2 Hz; C^-H);
7.56  (IH, d o f  d, J = 8 Hz and 2 Hz; Cg-H) (Found; C, 5 3 .1 ;
H, 4 .5 ;  S, 13 . 8 .  C^qH^qO^S requires C, 5 3 .1 ;  H, 4 .5 ;  8 , l4 .1 % ).
u) -Dime thoxy-3,4-me thylenedioxyacetophe none (352).
A s o lu t io n  o f  3 , 4 -m eth ylened ioxyph en acyl m eth y lsu lphox ide  
(348) ( 33.9  g . , 150 mmol) and io d in e  (24  g . , 94 mmol) in  A.R. 
methanol (300 ml) was heated  under r e f lu x  fo r  2 hours, th en  
c o o le d ,  and evaporated  to  d r y n ess .  The r e s id u e  was d i s s o lv e d  in  
dichlorom e thane ( 3OO ml) and washed w ith  aqueous sodium t h i o -  
su lp h a te  s o l u t i o n .  The very p a le  y e l lo w  organ ic  phase was washed 
w ith  aqueous sodium b ic a r b o n a te ,  d r ied  (K^CO^) and evaporated  to  
dryness  to  o b ta in  , -d im eth oxy-3 ,4 -m eth ylened ioxyacetophenon e  
( 352) ( 32.10  g . , 95 . 5%) as a p a le  y e l lo w  o i l .  D i s t i l l a t i o n  o f  
a sample ( 4 .7  g . ) a f fo rd ed  a p a le  y e l lo w  o i l  ( 3 .0  g . , 64% 
r e c o v e r y ) , b .p .  112-116°  (0 .0 7  mm Hg), (nm) ) (EtOH)
232.5 ( 15 , 700) 277.5  ( 6 , 700) ,  3 1 4 .5  ( 8 , 160) ;  'j) g^^^^(thin f i lm )  
2825 ( s h a r p ) ,  1670 (0=0) 930 (-OGH^O-); NMR (CDCl^) 3 .4 4  (6h, 
s ;  2 X -OCH^); 5 .0 8  (IH, s ;  CO-CH-); 6 .0 0  (2H, s ;  -OCH^O-);
14:0.
6 .8 0  (IH, d, J = 8 Hz; C^-H); 7 .5 3  (IH, d, J = 1 .5  Hz; C^-H);
7 .7 5  (IH, d o f  d; J = 8 Hz and 1 .5  Hz; Cg-H) (Found: C, 5 9 .1 ;
H , 5 . 2 .  ^11^12^5 C, 5 8 .9 ;  H, 5 .4% ).
OC-(2.3-Dimethoxybenzylamino)-3,4-methylenedioxyphenylacetaldehyde 
dimethylacetal (34l).
A s o lu t i o n  c o n ta in in g  2 , 3-d im ethoxybenzylam ine (2 8 .3  g . ,
169 m m o l) , to  ^ -d im eth oxy-3$4-m eth y len ed ioxyacetop h en on e  
( 35.0  g . , 156 mmol) and £ - to lu e n e su lp h o n ic  a c id  ( 0 .1  g . ) in  
to lu en e  (500 ml) was heated  under r e f lu x  fo r  24 hours under a 
Dean and Stark  head . The l i g h t  red  s o l u t i o n  was evaporated  to  
dryness  and the r e s id u e  was d i s s o lv e d  in  methanol (500 m l) ,  
c o o le d  to  c a .  5°  u s in g  an i c e - b a t h ,  and sodium borohydride  
(20 g . )  was added in  p o r t io n s  over 20 m inutes w ith  s t i r r i n g .
The s o l u t i o n  was s t i r r e d  a t  21° fo r  1 .5  hours then evaporated  to  
near d ry n e ss .  The r e s id u e  was shaken w ith  e th e r  and water and 
the i c e - c o l d  e t h e r e a l  s o lu t io n  was e x tr a c te d  w ith  i c e - c o l d  2N 
su lp h u r ic  a c id  (1 x I 50 ml, 3 x 50 m l) .  The combined a c id  
e x t r a c t s  were b a s i f i e d  w ith  aqueous ammonia (d 0 . 88) w ith  i c e -  
c o o l in g ,  e x tr a c te d  w ith  e th e r  ( l  x 300 ml, 2 x 100 ml) and the  
combined e t h e r e a l  s o l u t i o n s  were washed w ith  water (200 m l) ,  
b rine  (2  x 200 m l) ,  d r ied  (Na^SO^ )^ and evaporated  to  d r y n e ss .
The r e s u l t a n t  l i g h t  red  o i l  (44  g . )  was chromatographed on 
n e u tr a l  alumina ( 2 .5  k g . ) ,  e l u t i n g  w ith  33% chloroform  in  p e t r o l  
( 60- 80° ) .  The f i r s t  3 l i t r e s  o f  e lu a t e  were d isca rd ed  and the  
fo l lo w in g  9 l i t r e s  (m on itor in g  by TLC) were evaporated  to  d ry n ess .  
The r e s u l t a n t  o i l  was d i s s o lv e d  in  e th e r ,  i c e - c o o l e d ,  and
l 4 l .
e x tr a c te d  w ith  i c e - c o l d  2N su lp h u r ic  a c id .  The aqueous a c id  
s o l u t i o n  was b a s i f i e d  w ith  aqueous ammonia (d 0 .8 8 )  w ith  c o o l in g  
and e x tr a c te d  w ith  e t h e r .  The e t h e r e a l  e x t r a c t  was washed w ith  
w ater , b r in e ,  d r ied  (Na^SO^ )^ and evaporated  to  dryness to  o b ta in  
0^-(2 , 3 -d im ethoxybenzylam ino)-3 < 4-m eth y len ed ioxyp h en y laceta ld eh yd e  
d im e th y la c e ta l  (341) (2 0 .8  g . , 3 5 .8  mmol, 36%) as a v i s c o u s  
p a le  y e l lo w  (6) (EtOH) 2 8 l ( 5 , 0 ? 0 ) X  ^^^^^^^239.5
(4 ,8 8 0 )  287 ( 4 , 5 4 0 ) V  (cm .“^) ( t h in  f i lm )  3400 (NH) 285O 
(OCH^ ) 935 (OCH^ O); NMR (CDCl )^ 2 .7  (IH, broad s ;  -NH); 3 .1 3 ,  
3 . 23 , 3 . 29 , 3 .4 0  (6H, s i n g l e t s ;  2 x CHOCH^); 3 .5 4  (IH, d,
J = 5 .5  Hz; i  o f  Ar-CH^-N-) ; 3 . 7 - 3 . 9  ( 7 .5  H, m; 2 x ArOCH,, -J- o f
Ar-CH^-N^ , i  o f  Ar-CH-CH-); 4 .2 2  ( 0 .5  H, d, J = 7 .0  Hz, i  o f
I I
CH^O-CH-OCH^); 4 .4 8  ( 0 .5  H, d, J = 6 .3  Hz; i  o f  CH^ OCHOCH^ )
5.87  (2H, 6 , -OCH^O-); 6 . 6 - 7 . 1  (6H, m; aro m a tic s )  (Found:
C, 63 . 7 ; H, 6 .5 ;  N, 3 . 7 .  C^qH^^NO  ^ r e q u ir e s  C, 6 4 .0 ;  H, 6 .7 ;
N, 3.7% ).
N-M ethyl-N -( 2 , 3 -d im eth o x y b en zy l) -  -am in o-(3  $ 4-m ethyle  ne d io x y ­
phenyl ace t a l  dehyde dim ethyl a c e t a l  ( 3 6 4 ) .
A s o lu t io n  o f  the amine ( 3 4 l )  (O .5OO g . , 1 .3 3  mmol), aqueous 
formaldehyde (37%, 5 ml) and form ic a c id  ( 98%, 5 ml) was h eated  
on a steam bath fo r  1 .5  hou rs, c o o le d ,  b a s i f i e d  w ith  aqueous  
ammonia and e x tr a c te d  w ith  e th e r  (1 x 40 ml, 2 x 10 m l) .  The 
combined e t h e r e a l  e x t r a c t s  were washed w ith  water (1  x 40 m l) ,  
i c e - c o o l e d ,  and e x tr a c te d  w ith  i c e  c o ld  2N HCl (3  x 10 m l) .  The 
combined a c id  e x t r a c t s  were b a s i f i e d  w ith  aqueous ammonia and 
e x tr a c te d  w ith  e th e r  ( l  x 40 ml, 2 x 10 m l) .  The combined e x t r a c t s
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were washed w ith  water (2  x 20 m l) ,  b r ine  (2  x 20 m l) ,  d r ie d  
(Na^SO^) and evaporated  to  dryness  to  a f f o r d  N -m eth yl-N -( 2 , 3 -  
dim ethoxybenzyl) -OG-amino-C 5 , 4 -m eth y len ed ioxyp h en y laceta ld eh yd e  
dim ethyl a c e t a l  (364) as  a p a le  y e l lo w  v is c o u s  o i l  (0 .5 0 0  g . , 96%) 
^  (nm) ( c )  (EtOH) 281 ( 5 ,0 2 0 )  ^  (5 ,7 2 0 )  286 ( 4 ,5 5 0 ) ;
V  ( c m . ' l )  ( t h i n  f i lm )  2850 (OCH,) 935 (OCH-O); NME (CDCl,)
ul€LX e  p  t  p
2 .1 9  and 2 .2 2  (3H, s i n g l e t s ,  N-CH );  3 . 3O ( s ,  3H, CH 0-CH-0ÇH );
I
3 .4 4  and 3 .4 8  (3H, s i n g l e t s ,  CH^O-CH-OCH^); 3 .5 9  ( i  o f  2H, broad 
s ,  ArCH^-N^); 3 .6 4  a  o f  2H, broad s ,  ArCH^-N\ );  3 .7 5  (IH , d,
J = 6 .7  Hz, ArCH-CHCOCH^)^); 3 .7 9 ,  3 .8 3  and 3.85  (6H, s i n g l e t s ,
2 X ArOCH^); 5 .9 5  (2H, s ,  -O-CH^-0); 6 .7  to  7 .2  (6H, m, a ro m a tic s )  
(Found: C, 6 4 .8 ;  H, 6 .7 ;  N, 3 . 5 .  ^21^27^^6 r^ S ^ ires  C, 6 4 .7 ;
H, 7 .0 ;  N, 3.6% ).
7 % 8-Dimeth o x y -4 -h y d roxy-3~( 3 , 4-m ethylene d i o x y p h e n y l ) - l , 2 , 3 , 4 -  
te tr a h y d r o is o q u in o l in e  ( 367) .
A s o lu t i o n  o f  o c - ( 2 , 3 -d im ethoxybenzylam ino) - 3 , 4 -m eth y len e -  
d ioxyp h en ylaceta ld eh yd e  dim ethyl a c e t a l  ( 4 .2 0  g . , 1 1 .2  mmol) in  
methanol (100 ml) was c o o led  in  an i c e  bath and 36% h y d ro c h lo r ic  
a c id  (100 ml, A .R .) was added and the l i g h t  red  s o l u t i o n  was kept  
a t  room temperature fo r  2 d ays . The s o l u t i o n  was evap orated  to  
sm all  bulk under reduced p r e s s u r e ,  temperature ^  40* ,^ and 
f i l t e r e d .  The s o l i d  was washed w ith  a sm a ll  amount o f  w ater  and 
shaken w ith  2N ammonia (50 ml) and chloroform  (50 m l) .  The 
organ ic  phase was washed w ith  water (50 m l) ,  br in e  (50 m l) ,  d r ied  
(Na^SO^) and evaporated  to  d ry n e ss .  The r e s u l t a n t  o f f - w h i t e  s o l i d  
( 0.620  g . )  was t r i t u r a t e d  w ith  e th er  and d r ie d  to  a f f o r d  7 , 8 -  
dim ethoxy-4-hydroxy-3“ ( 3 , 4-me th y len ed io x y p h en y l) - 1 , 2 , 3 , 4 - t e  trahydro«
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isoquinoline (36?) as a white solid (O.6OO g., 16.3%), m.p.
1 6 2 -1 6 4 ° ,  (nm) ( c )  (EtOH) 205 (5 8 ,0 0 0 )  283 ( 6 ,1 7 0 ) ,
^ i n .257  (1 .5 1 0 )  ( 1 4 ,6 0 0 ) ;  \ ^  (cm.-:^) (CHBr^
3530 (OH) 3200 (NH) 930 (OCH^O), no change in  a b so rp tio n
p o s i t i o n s  above 3OOO cm.  ^ on d i l u t io n ;  NMR (CDCl^) 2 .3 2
(2H, s ,  removed on d e u te r a t io n ;  - OH and -NH); 3 .S - 3 .9  (7H, s ;
I I
2 X ArOCH and ArCH-CHOH); 3 .9 2  (IH, d, J = 15 Hz; ArCH( H) -NH-);
I
4 .3 2 (IH, d, J s 15 Hz; ArCH(H)-NH-); 4.49 (IH, s; ArCH-OH);
5.91  (2H, s ;  -OCHgO-);  6 .7 5 - 7 .2 4  (5H, m; aro m a tic s )  (Found:
C, 65 . 7 ; H , . 4 . 3 .  C^gH^^NO  ^ r e q u ir e s  C, 65 . 6 ; H, 4.3% ).
CX -C yano-N tN -d ie th y l-3 ,4 -m eth y len ed ioxyb en zy lam in e  ( 388) .
A s o l u t i o n  o f  p ip ero n a l ( 3 2 .9  g . , 0 .2 1 9  mol) in  methanol 
(130 ml) was added to  a s o l u t i o n  o f  diethylammonium c h lo r id e  
( 31.9  g«f 0.33  mol) and sodium cyanide (24  g . , 0 .4 9  mol) in  
water ( 15O ml) and s t i r r e d  fo r  I 8 hours a t  1 9 ° .  The p a le  red  
two-phase s o l u t i o n  was d i lu t e d  w ith  water ( 8OO ml) and e x tr a c te d  
w ith  e th e r  (1 x 500 ml, 1 x 150 ml) and the combined e t h e r e a l  
e x t r a c t s  were washed w ith  aqueous sodium m e ta b isu lp h ite  
(6 X 150 m l) ,  water (150 m l) ,  br in e  (2 x I 50 ml) and d r ie d  
(MgSO^). E vaporation  o f  the e t h e r e a l  s o l u t i o n  gave -cyano-N .N -  
d i e t h y l - 3 , 4 -m ethylenedioxybenzylam ine ( 388) a s  a red o i l  
(4 1 .2 5  g . ,  81%); NMR (CDCl^) 1.07  ( 6H, t ;  J = 7 .5  Hz; 2 x CH^CH^); 
2 .5 3  (2H, q, J = 7 .5  Hz; CH^CH^); 2 . 6 l  (2H, q, J = 7 .5  Hz;
CH^CH^); 4.92  (IH, s ;  CH-CN); 5 .9 9  (2Hi s ;  -OCH^O-); 6 . 8O (IH, d;
J = 8 Hz; C^-H); 7 .0 2  (IH, s ;  C^-H), 7 .0 6  (IH , d; J = 8 Hz, C^-H) 
(Found: C, 65. 3 ; H, 7 .0 ;  N, 1 1 . 6 .  ^i2^l6*^2^2 0 ,  6 5 .5 ;
H, 7 .3 ;  N, 12.7% ).
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N, N - D ie t h y l - l - c y a n o - 2 - ( 3 , 4-dime th oxyp h en y l) - 1 - ( 3 , 4-me thylene-»  
dioxyp h en y l)eth y lam in e  ( 392) .
Sodium hydride (0 .6 6  g . ,  60% su sp en s io n  in  o i l ,  l 6 . 5  mmol) 
was washed w ith  p e t r o l  (4 0 -6 0 ° )  under n i t r o g e n  then dry 
dimethylformamide (30 ml) was added, fo l lo w e d  by N ,N-diethyl-04r  
cyan o-3 ,4 -m eth ylened ioxybenzylam ine  ( 388) ( 3 .4 8  g . , 15.0  mmol). 
A fter  s t i r r i n g  fo r  2 .5  hours, 3 , 4-d im ethoxybenzyl c h lo r id e  
( 2.90  g . , 15.3  mmol) was added and the mixture was s t i r r e d  a t  
room tem perature fo r  16 h ou rs , th en  evaporated  to  near d ry n e ss .  
The r e s u l t a n t  red o i l  was s t i r r e d  for  2 hours in  dichlorom ethane  
(100 ml) and 2N h y d ro ch lo r ic  a c id  (100 m l) .  The organ ic  phase 
was washed w ith  aqueous sodium b icarbonate  s o l u t i o n  (50 m l) ,  
water (50 m l) ,  d r ie d  (MgSO^ )^ and evaporated  to  d r y n ess .  The 
r e s u l t a n t  y e l lo w  s e m i - s o l id  ( 4 .8 0  g . )  was t r i t u r a t e d  w ith  e th er  
and the r e s id u e  was d r ied  to  g iv e  N, N - d i e t h y l - l - c y a n o - 2- ( 3 , 4 -  
dim ethoxyphenyl) - 1- ( 3 , 4 -m eth y lened io x y p h en y l) e th y lamine ( 392) 
( 1.61  g . ,  28%), m.p. 127- 129° ,  V  jj^^^(cm.“^) (CHBr^ ) 285O 
(OCH^ ), 2793 (w) 945 (OCHgO), NMR (CDCl^) l . l 4  (6H, t ,  J =
7.3  Hz, 2 X -CH^CH^); 2 .7 7  (2H, q, J = 7 .5  Hz; -CH^CH^);
2.80 (2H, q, J = 7.5  Hz, -CH^CH^); 2 .8 2  j^H, d, J  = 13 Hz; 
Ar-CH(H)-J ; 3 .4 9  jj-H, d, J = 13 Hz; Ar-CH(H)-j; 3.63  ( 3H, s ,
Ar-OCH^); 3 .8 0  (3H, s ,  Ar-OCH^); 5 .9 3  (2H, s ;  -OCH^O-); 6 .1 7  
(IH, d, J  = 2 Hz, Cg-H on v e r a t r y l ) ; 6 .4 7  (IH, d o f  d, J  = 2 Hz 
and 8 .5  Hz; C^-H on v e r a t r y l ) ; 6 .7 0  (IH, d, J = 8 .5  Hz; C^-H 
on v e r a t r y l ) ; 6 .7 5 - 6 .9 5  (2H, m; C^-H and C^-H on p ip e r o n y l ) ;
7.0 (IH, m, Cg-H on piperonyl) (Found: C, 68.9; H, 6.85;
N, 7.5. ^22^26^2^4 0 , 69.1; H, 6.85; N, 7.3%).
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3 .4-»Dimeth.oxybenzyl-3t 4-m ethylene d ioxyphenyl ketone (391 ; R=Me ) .
A s o lu t io n  o f  N, N - d i e t h y l - l - c y a n o - 2 - ( 3 , 4 -d im eth oxyp h en yl) -
1 - ( 3 , 4-me th y len e  d io x y p h en y l) e thylam ine (392) (0 .3 8 3  g . ,
1 .0 0  mmol) in  d ichlorom ethane (50 ml) was s t i r r e d  w ith  2N 
h y d ro ch lo r ic  a c id  f o r  2 d ays . The organ ic  phase was washed w ith  
water (2  x 50 m l) ,  br ine  (50 m l) ,  d r ie d  (Na^SO^ )^ and evap ora ted  
to  d r y n e ss .  The o f f - w h i t e  s o l i d  was c r y s t a l l i z e d  from e th a n o l  
to  a f f o r d  3 , 4 -d im eth o x y b en zy l-3 , 4-m ethylene dioxyphenyl keton e  
(0 .2 4 0  g . ,  80%), m.p. 110-111°  ( l i t . ^ ^ ^  1 1 0 -1 1 1 ° )  ^  max.^°^'"^^  
(CHBr^) 1670 (Found: C, 6 8 .2 ;  H, 5 . 4 .  C a lcd . fo r
C, 6 8 .0 ;  H, 5 . 4%).
3 . 4-M ethylenedioxyphenyl ( 2 - n i t r o - 4 , 5 -m eth y len ed io x y b en zy l) ketone
Sodium hydride (0 .4 0 0  g . , 60% d is p e r s io n  in  o i l ,  10 mmol) was
washed w ith  p e t r o l  (4 0 -6 0 ° )  under n i t r o g e n ,  then  dry d im eth y l-  
formsimide (40 ml) was added, fo l lo w e d  by 0 (  -cyan o-N , N -die  t h y l - 3 , 4 -  
m ethylenedioxybenzylam ine ( 388) (2 .3 2  g . , 10 mmol). A fte r  s t i r r i n g  
fo r  3 hours a t  2 1 ° ,  2 -n itr o -4 ,5 -m e th y le n e d io x y b e n z y l  c h lo r id e  
( 390) ( 1.32  g . , 6 .1  mmol) was added, fo l lo w e d  by dimethylformamide  
(10 m l) .  The mixture was s t i r r e d  fo r  20 hours a t  2 1 ° ,  th en  2N 
h y d ro ch lo r ic  a c id  (80 ml) was added and the s o lu t io n  was s t i r r e d  
fo r  2 h ou rs . Water (300 ml) was added and the m ixture was 
e x tr a c te d  w ith  dichlorom ethane (200 ml, 3 x 50 m l) .  The combined 
e x t r a c t s  were washed w ith  water (100 m l) ,  b r in e  (100 m l) ,  d r ie d  
(MgSO^), and evaporated  to  d r y n e ss .  The dark red  s e m i - s o l i d  gum 
was t r i t u r a t e d  w ith  e th e r  and the  l i g h t  brown s o l i d  o b ta in e d  was 
d r ied  ( 1 .1 7  g . )  and c r y s t a l l i z e d  from methanol to  g iv e  3 , 4 -  
m ethylened ioxyphenyl ( 2 -n itr o -4 ,5 -m e th y le n e d io x y b e n z y l)k e to n e
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( 1 . 0 1  g . , 48%) a s  y e l lo w  n e e d l e s ,  m .p .  1 7 1 - 1 7 2 ° ,  A  (nm) (C)max.
(EtOH) 203 (2 1 ,2 0 0 ) ,  230 (1 9 ,3 0 0 ) ,  275 (8 ,0 0 0 ) ,  313 (9 ,9 0 0 )  
^ in .2 1 5  (1 3 ,2 0 0 ) ,  263 (7 ,1 0 0 ) ,  288 (6 ,4 0 0 ) ,  i^^igx^252 ( 9 ,4 0 0 ) ,
345 ( 5 , 2 0 0 ) ; V  „  ^  ( o m ." ^ )  (C H B r,)  I 67O (0= 0),  940 (OCH.O);
uloLX  #  ^  d
NMR (DMSO-d^) 3 .7 1  (2H, s ,  ArCH^CO); 6 . I 8 (2H , e ;  -OCH^O- on 
p i p e r o n o y l ) ,  6 .2 8  (2H, s;-OCHgO- on  n i t r o p i p e r o n y l ) ; 7 .0 8  ( IH ,  
d ,  J  =s 8 Hz; C^-H on  p i p e r o n o y l ) ;  7 .1 1  ( IH ,  s ;  n i t r o ­
p i p e r o n y l ) ;  7 .5 2  ( IH ,  d ,  J  = 1 .5  Hz; C^-H on  p i p e r o n o y l ) ;  7 .7 1  
( IH ,  s ,  Cg-H on n i t r o p i p e r o n y l ) ,  7 .7 3  ( IH ,  d o f  d ,  J  « 8 Hz an d
1 . 5  Hz; Cg-H on p i p e r o n o y l )  (F o u n d :  C, 5 8 . 3 ;  H, 3 . 5 ;  N, 4 . 2 .  
^ 1 6 ^ 1 1 ^ ^ 7  C, 5 8 . 4 ;  H, 3 . 4 ;  N, 4 .2 % ) .
3 -B e n z y lo x y - 4 - m e th o x y b e n z y l  3 , 4 -m e th y l e n e d io x y p h e n y l  k e t o n e  
(5 9 1 :  R=PhCH^ ) .
Sodium h y d r i d e  ( 7 . 5  g .»  60% s u s p e n s i o n  i n  o i l ,  O.1 8 7  m ol)  was 
w ashed  w i t h  p e t r o l  ( 3 0 - 4 0 ° )  u n d e r  N^ t h e n  a  s o l u t i o n  o f  
0 ^ c y a n o - N ,N - d i e t h y l - 3 ,4 - m e t h y l e n e d i o x y b e n z y l a m i n e  ( 3 8 8 ) ( 4 1 . 2  g . , 
0 .1 7 7  m ol) i n  d im e th y l fo rm a m id e  (2 0 0  m l) was a d d e d .  The 
r e s u l t a n t  r e d - b r o w n  s u s p e n s i o n  was s t i r r e d  u n d e r  n i t r o g e n  f o r  
3 h o u r s  a t  23°  an d  3 - b e n z y lo x y - 4 - m e th o x y b e n z y l  c h l o r i d e  ( 3 8 . 3  g . , 
0 . 1 4 6  m ol) was a d d e d  a n d  th e  m i x tu r e  was s t i r r e d  f o r  a  f u r t h e r  
16  h o u r s .  The s o l v e n t  was rem oved  by e v a p o r a t i o n  u n d e r  r e d u c e d  
p r e s s u r e  a n d  t h e  r e s i d u e  was s t i r r e d  w i t h  d i c h lo r o m e t h a n e  
(4 0 0  m l) an d  IN s u l p h u r i c  a c i d  (4 0 0  ml) f o r  20 h o u r s .  The a q u e o u s  
p h a s e  was e x t r a c t e d  w i t h  more d i c h lo r o m e t h a n e  (100  m l) a n d  t h e  
co m b in ed  o r g a n i c  e x t r a c t s  w ere  w ashed  w i t h  s a t u r a t e d  a q u e o u s  
NaHCOj (2  X 200 m l ) ,  b r i n e  (2  x 200 ml) a n d  d r i e d  (MgSO^).
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E v a p o r a t i o n  a f f o r d e d  a  r e d  o i l ,  w h ic h ,  on  t r i t u r a t i o n  w i t h  
e t h e r ,  gave  3 - b e n z y lo x y -4 -m e  t h o x y b e n z y l  5 , 4-me t h y l e n e  d io x y p h e  n y l  
k e t o n e  (3 9 1 ;  R=PhCH^ )  ( 2 4 .6 8  g . , 45%) m .p .  1 1 0 ° ,  a n a l y t i c a l  
s am p le  (EtOH o r  t r i t u r a t i o n  w i t h  e t h e r )  m .p .  1 1 3 ° , ^  (nm) (C) 
(EtOH) 204 ( 6 6 ,4 0 0 )  230  ( 2 9 , 8 0 0 ) 280  ( 8 , 8 0 0 ) 315  ( 8 , 5 0 0 ) ;
^ a x .^ ° ® * ~ ^ ^  (CHBr3 ) 2840 (OCH^), 2785  ( '^ ) ,  I 67O ( 0 = 0 ) ,  940 
(OCH^O); NMR (C D C y )  3 . 8O (3H, s ;  ArOCH^); 4 . 0 2  (2H, s ;  COCH^Ar);
5 .0 8  (2H, s ;  Ph-CH g-O ); 5 .9 5  (2H, s ;  -OCH^O-); 6 .7 8  ( IH ,  d ,
J  = 10 Hz; C^-H on p i p e r o n o y l ) ; 6 .8 2  (3H, s ;  a r o m a t i c s  on d i a l k o x y -  
b e n z y l ) ;  7 . 2 - 7 . 5  (5H, m; CgH ^-CH ^-); 7 .5 5  ( IH ,  d ,  J  = 2 Hz; C^-H 
on p i p e r o n o y l ) ; 7 .5 5  ( IH ,  d o f  d ,  J  = 2 Hz a n d  10 Hz; Cg-H on
p i p e r o n o y l )  (F o u n d : C, 7 5 . 7 ;  H, 5 . 5 .  23^20^5  0 ,  7 5 . 4 ;
H, 5 .4 % ) .
N -( 2 . 2 -D im e th o x y e th y 1 ) - 2 - ( 3 - b e n z y l o x y - 4 - m e th o x y p h e n y l ) - 1 - ( 3 , 4 -  
m e th y le n e d io x y p h e n y l ) e th y l a m in e  (3 9 6 ;  R sP hC H ^-) .
A s o l u t i o n  o f  3 - b e n z y lo x y - 4 - m e th o x y b e n z y l  3 , 4 - m e t h y le n e d io x y ­
p h e n y l  k e to n e  (3 9 1 ;  R=PhCH^-) ( 1 8 . I  g . , 4 8 . 2  mm ol), £ - t o l u e n e -  
s u l p h o n i c  a c i d  ( c a .  60  m g .) an d  a m i n o a c e t a l  (3 0  m l) i n  t o l u e n e  
(2 5 0  m l) was h e a t e d  u n d e r  r e f l u x  u n d e r  a  Dean an d  S t a r k  h e a d  f o r  
20 h o u r s .  E v a p o r a t i o n  o f  th e  s o l v e n t  gave  a  p a l e  r e d  o i l  w h ic h  
was d i s s o l v e d  i n  e t h a n o l  (3 5 0  m l) an d  t r e a t e d  w i t h  sod ium  
b o r o h y d r id e  (1 2  g . )  w i th  s t i r r i n g .  A f t e r  1 . 5  h o u r s  t h e  s o l u t i o n  
was e v a p o r a t e d  t o  n e a r  d r y n e s s  a n d  t h e  r e s i d u e  was s h a k e n  w i t h  
e t h e r  (400  m l) a n d  w a te r  (400  m l ) .  The e t h e r e a l  s o l u t i o n  was 
c o o l e d  by a d d i t i o n  o f  i c e  a n d  e x t r a c t e d  w i t h  i c e - c o l d  2N h y d r o c h l o r i c  
a c i d  (3  X 50  m l ) .  The com bined  e x t r a c t s  w ere  b a s i f i e d  w i t h  
a q u e o u s  ammonia (d  0 . 8 8 ) a n d  e x t r a c t e d  w i t h  10% c h l o r o f o r m  i n  e t h e r
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(1  X 200 m l,  2 X 100 m l ) .  The com bined  e x t r a c t s  w ere  w ashed  w i th  
w a te r  (100  m l ) ,  b r i n e  (100  m l ) ,  d r i e d  (MgSO^) a n d  e v a p o r a t e d  t o  
d r y n e s s .  The r e s u l t a n t  p a l e  r e d  o i l  was e x t r a c t e d  w i t h  h o t  p e t r o l  
( 8 0 - 1 0 0 ° ,  400 m l, 2 X 100 ml) a n d  t h e  e x t r a c t s  w ere co m b in ed ,  
c o o l e d  t o  a b o u t  25° ,  a n d  d e c a n t e d  from  a  t r a c e  o f  y e l lo w  o i l .
The c o l o u r l e s s  s o l u t i o n  was k e p t  a t  4 °  f o r  20 h o u r s ,  f i l t e r e d ,  
an d  t h e  r e s i d u e  was d r i e d  t o  g iv e  N -( 2 , 2 -d im e  th o x y e t h y 1 ) - 2 - ( 3 -  
b e n z y l o x y - 4 - m e t h o x y p h e n y l ) - l - ( 3 , 4 - m e t h y l e n e d i o x y p h e n y l ) e t h y l a m i n e  
(3 9 6 ;  R=PhCH.~) ( 9 . 8 2  g . ,  44%) m .p .  65 - 66° ,  / \  ^ ^  (nm) (&) (EtOH)
205 (86,900), 286 ( 6 , 3 0 0 ) , 2 5 8  (900), /\infiex.^52 (17,900);
V (CHBr ) 3220  (NH), 2850 (OCH ) ,  2790 ( w ) ,  940 (OCH 0 ) ;  NME max . 3  3  ^ ^
(CDC1_) 2 . 0  ( IH ,  b r o a d  s ,  rem oved  by d e u t e r a t i o n ;  -N H ); 2 .5 0
I
(2H, d ,  J  = 5 . 5  Hz; CH^NH); 2 . ? 6  (2H, d ,  J  = 7 Hz; ArCH^CH);
3 .2 5  ( 6h ,  s ; 2 X CH-0-ÇH ) ; 3 .6 5  ( IH ,  t ,  J  = 7 Hz; A r ^ - C H ^ )  ;
J
3 .8 2  (3H, s ;  Ar-OCH^); 4 . 3 4  ( IH ,  t ,  J  = 5 . 5  Hz; CH^CHOCH^);
5 .0 7  (2H , s ;  PhC H g-); 5 . 9 2  (2H, s ;  -OCH^O-); 6 . 6 - 7 . 0  ( 6H, m; 
a r o m a t i c s )  ; 7 . 3 - 7 . 5  (5H, m; CgH^^-CH^) (F o u n d :  C, 6 9 . 9 ;  H, 6 . 7 ;
N, 3 . 1 .  r e q u i r e s  C, 6 9 . 7 ;  H, 6 . 7 ;  N, 3 .0 % ) .
N -( 2 , 2 -D im e th o x y e th y 1 ) - 2 - ( 3 - h y d r o x y -4 -m e th o x y p h e  n y l ) - 1 - ( 3 , 4 -  
m e t h y l e n e d io x y p h e n y l ) e th y la m in e  (3 9 6 ;  R=H) .
H y d r o g e n o ly s i s  o f  N - ( 2 , 2 - d i m e t h o x y e t h y l ) - 2 - ( 3 - b e n z y l o x y - 4 -  
me th o x y p h e n y l ) - 1 - ( 3 , 4 - m e th y le n e  d io x y p h e n y l ) e t h y l a m i n e  (3 9 6  ; RsPhCH^-) 
( 9 .8 2  g . , 2 1 .1  mmol) i n  e t h a n o l  (3 0 0  m l) c o n t a i n i n g  10% p a l l a d i u m  
on c h a r c o a l  ( 0 .4 0  g . )  a t  a t m o s p h e r i c  p r e s s u r e  and  c r y s t a l l i z a t i o n  
from  p e t r o l  ( 8 0 - 1 0 0 ° )  gave N -( 2 . 2 - d i m e t h o x y e t h y l - 2 - ( 3 - h y d r o x y - 4 -  
me th o x y p h e n y l ) - 1 - ( 3 , 4-me t h y l e  ne d i o x y p h e n y l ) e t h y l a m i n e  (3 9 6 ;  R=H)
(6.89 g., 87%) m.p. 85-86°,9 \ ( n m )  (&) (EtOH) 232 (11,300) 284.5
( 8 , 0 3 0 ) ,  IX  ( 7 , 8 0 0 ) ;  V ^ ^ ^ ( C H B r ^ )  3520  (OH, s t r o n g ) ,
3300 (NH, w e a k ) ,  2840 (OCH ) ,  278O ( ^ ) ,  940 (OCH 0 ) ;  NMR (CDCl )
I
2 .5 1  (2H, d ,  J  = 3 .5  Hz; -NHCH - ) ;  2 . 7  (2H , m; ArCH C H -) ;  3 .2 2  
I
( 6H, s ;  2 X -CHOCH^); 3 . 6  ( IH ,  m; ArCHNH); 3 . 8 0  (3H, s ;  Ar-OCH^); 
3 .9 0  (2H, s ,  rem oved  on  d e u t e r a t i o n ;  -OH a n d  -N H ); 4 .3 7  ( IH ,  t ,
J  = 3 . 5  Hz; CHgCH-OCH^); 3 . 9 0  (2H, s ;  -OCH^O-); 6 . 6 - 7 . 0  ( 6h ,  m; 
a r o m a t i c s )  (F o u n d : C, 6 4 . 2 ;  H, 6 . 7 ;  N, 3 * 8 .  ^ 2 0 ^23^^6  
C, 6 4 . 0 ;  H, 6 . 7 ;  N, 3 .7 % ) .
N - (2 ,2 -D im e  th o x y e  t  h y l ) - 8 - h y d r oxy-7 -m e t h o x y - 3 - ( 3 , 4-me t h y l e n e  d io x y ­
phe n y l ) - 1 , 2 , 3 , 4 - t  e t  r a h y d r o  i s o  q u i n o l i n e  (4o6% R=OH, R^=H ).
A s o l u t i o n  o f  N - ( 2 , 2 - d i m e t h o x y e t h y l ) - 2 - ( 3 - h y d ro x y - 4 - m e th o x y -  
p h e n y l ) - 1 - ( 3 , 4-me t h y l e n e  d i o x y p h e n y l ) e t h y l a m i n e  (3 9 6 ;  R=H) ( 3 .0 1  g . ,
8 .0 3  mmol) i n  m e th a n o l  (6 0  m l) an d  36% a q u e o u s  fo rm a ld e h y d e  
(25  m l) was s t o o d  a t  21° f o r  5 h o u r s ,  t h e n  a t  4 °  f o r  20 h o u r s .
The s o l u t i o n  was e v a p o r a t e d  t o  n e a r  d r y n e s s  an d  t h e  r e s i d u e  was 
s h a k e n  w i t h  w a te r  a n d  e t h e r .  The e t h e r e a l  s o l u t i o n  was i c e - c o o l e d  
an d  e x t r a c t e d  w i t h  i c e - c o l d  IN h y d r o c h l o r i c  a c i d  (2  x  60  m l ) .  The 
com bined  a c i d  e x t r a c t s  w ere  b a s i f i e d  by a d d i t i o n  o f  s o l i d  sod ium  
b i c a r b o n a t e  an d  t h e  m i x tu r e  was e x t r a c t e d  w i t h  e t h e r  (3  x  100  m l ) .  
The com bined  e t h e r e a l  e x t r a c t s  w ere  w ashed  w i t h  b r i n e ,  d r i e d  
(MgSO^^), an d  e v a p o r a t e d  t o  d r y n e s s  t o  a f f o r d  a  p a l e  y e l l o w - g r e e n  o i l  
( 2 .5 6  g . ) .  S e p a r a t i o n  o f  t h e  two m a jo r  co m p o n en ts  was a c h i e v e d  by 
P r e p a r a t i v e  L a y e r  C h ro m a to g rap h y  on a lu m in a  (M erck) w i t h  two 
e l u t i o n s  u s i n g  50% c h l o r o f o r m  i n  p e t r o l  ( 6 0 - 8 0 ° ) .  F r a c t i o n  A,
(TLC R^ 0 . 5 3 , a l u m in a ,  c h l o r o f o r m )  was N -( 2 , 2 - d i m e t h o x y e t h y l ) -  
8 - h y d r o x y - 7 -me t h o x y - 3 - ( 3 , 4-me t h y l e n e  d i o x y p h e n y l ) - 1 , 2 , 3 , 4 - t e t r a h y d r o -  
i s o q u i n o l i n e  (4o6; R=OH, R^=H) ( 0 .8 5  g . , 27% ). The h y d r o c h l o r i d e
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s a l t  was o b t a i n e d  i n  e t h e r  a n d  c r y s t a l l i z e d  from  w a t e r ,  m .p .  
195 - 196 °  ( d e c o m p . ) ,  (nm) ( ^ )  (EtOH) 205 ( 6 3 , 0 0 0 ) ,  233max.
(19,900), 286 (8 ,8 o o ) ,C \  229 (12,400), 257 (1,550);
max (CHBr ) 3290 (OH), 2 4 9 0 ,  2 4 4 0 ,  2380 (N H*); NME
( f r e e  b a s e )  (CDCl ) 2 .4 6  and  2 .6 3  (2H, d o u b l e t s ,  J  = 5 Hz;
I I
-NCHgCH-); 2 .9 5  (2H, b r o a d  d ,  J  ^  7 Hz; C ^ -H ) ; 3 .2 8  (3H , s ;
-CH-OCH^); 3 .5 1  (3H, s ;  -CHOCH^); 3 .7 3  ( IH ,  b r o a d  s ,  rem oved
on d e u t e r a t i o n ;  A r-O H ); 3 . 3 - 4 . 1 5  (2H, m; CH. a t  C ) ;  4 . 3 - 4 . 7  
I  I
(2H, m; -N-CH-Ar a n d  CH^CH-OCH^); 5 .9 1  (2H, s ;  -OCH^O-); 6 .6 2  
( IH ,  6 , C ^ -H ); 6 .6 8  ( IH ,  s ;  Cg-H) ; 6 . 7 3 - 6 . 8 0  (2H, m; C^i'-H
an d  C ^ * -H );  6 .9 0  ( IH ,  m, C g l-H ) (F ound : C, 5 9 . 1 ;  H, 6 . 1 ;
N, 3 . 2 .  C^^H^^NOg.HCl r e q u i r e s  C, 5 9 . 5 ;  H, 6 . 2 ;  N, 3 .3 % ) .
F r a c t i o n  B, an  o i l ,  (TLC 0 . 4 ? ,  a l u m in a ,  c h l o r o f o r m )  was
N -( 2 , 2 -d im e th o x y e  t h y l ) - 6 - h y d r oxy-7 -m e t h o x y - 3 - ( 3 , 4 -m e th y le n e d io x y »
p h e n y l ) - 1 . 2 . 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (4 o 6 ;  R=H, R =0H)
( 1 .1 5  g . , 37% ). The h y d r o c h l o r i d e  s a l t  was o b t a i n e d  i n  e t h e r
an d  c r y s t a l l i z e d  from  w a t e r ,  m .p .  2 0 4 -2 0 7 ° ,  ^  ^ax  ( ^ )
(EtOH) 205 ( 6 1 , 4 0 0 ) ,  291 ( 7 , 5 0 0 ) ,  A  ^^^^^257 ( 7 2 0 ) ,  " ^ i n f l e x . ^ ^ ^
( 9 , 8 0 0 ) ;  ^  ^ ^ ^ ( c m . " ^ )  (CHBr^) 3520 (OH), 2840 (OCH^), 2520
(NH*^), 940 (OCH 0 ) ;  NMR ( f r e e  b a s e )  (CDCl ) 2 .3 5  t o  2 .7 5  (2H, m,
\ I
-N -CH ^-CH -); 2 .9 0  (2H, b r o a d  *d*, 7 Hz; ArCH^CH) ; 3 .2 8
3H, s ;  -CH-OÇH ) ;  3 .3 1  (3H, s ;  -CH-OÇH ) ;  3 . 3 - 4 . 0  (2H, m;
f I
ArCHgN-); 3 .8 3  (3H, s ,  Ar-OCH^); 4 . 2 - 4 . 7  (2H, m; ArCH^CHAr an d
an d  -CHgCHOCH^) ;  4 .6 0  ( IH ,  s ,  rem oved  on d e u t e r a t i o n ;  A r-O H );
5 .9 3  (2H, s ;  -OCH^O-); 6 .5 4  ( IH ,  s ;  C g -H ) ; 6 .6 4  ( IH ,  s ,  C ^ -H ) ;
6 . 60 - 6 .8 3  (2H, m; C^V.-H an d  C ^T-H ); 6 . 8 8 - 6 . 9 2  ( IH ,  m; Cg^-H)
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(F o u n d : C, 5 8 . 5 ;  H, 6 . 2 ;  N, 3 . 2 .  ^ 2 1 ^ 2 5 ^ ^ 6 * ^ ^ ^ '  "^H^O r e q u i r e s
C, 5 8 . 3 ;  H, 6 . 1 ;  N, 3 .2 % ) .
N -( 2 . 2 -d im e th o x y e  t h y l ) - 6 - h y d ro x y -7 -a ie  t h o x y - 3 - ( 3 , 4 - m e th y le n e  d io x y ­
phe n y l ) - 1 . 2 , 5»4—t e  t r a h y d r o i s o q u i n o l i n e  (4 o 6 ;  RsH, R^gQH).
A s o l u t i o n  o f  N -( 2 , 2 -d im e th o x y e  t h y l ) - 2 - ( 3 - h y d r o x y - 4 - m e th o x y ­
phe n y l  ) - 1 - ( 3 , 4 -m e th y le  n e d i o x y p h e n y l ) e t h y l a m i n e  (3 9 6 ;  R=H)
( 0 .5 1 8  g . ,  1 .3 8  mmol) i n  m e th a n o l  (1 2  m l ) ,  fo rm ic  a c i d  ( 98 - 100%,
8 m l) a n d  37% fo rm a ld e h y d e  (6  m l) was s t o o d  a t  21°  f o r  5 h o u r s ,  
t h e n  a t  4 °  f o r  22 h o u r s ,  an d  e v a p o r a t e d  t o  n e a r  d r y n e s s .  The 
r e s i d u e  was s h a k e n  w i t h  e t h e r  (5 0  m l) an d  a q u e o u s  sod ium  b i c a r b o n a t e  
(5 0  m l) an d  t h e  e t h e r e a l  s o l u t i o n  was w ashed  w i t h  w a t e r ,  c o o l e d  
w i t h  i c e ,  a n d  e x t r a c t e d  w i t h  i c e - c o l d  IN h y d r o c h l o r i c  a c i d  
(2  X 30  m l ) .  The com bined  a c i d  e x t r a c t s  w ere  b a s i f i e d  w i t h  s o l i d  
sod ium  b i c a r b o n a t e  a n d  th e  m i x tu r e  w as e x t r a c t e d  w i t h  d i c h l o r o ­
me th a n e  (3  X 20 m l ) .  The com bined  e x t r a c t s  w ere  w ashed  w i t h  w a te r  
(3 0  m l ) ,  b r i n e  (3 0  m l ) ,  d r i e d  (MgSO^^) an d  e v a p o r a t e d  t o  d r y n e s s .  
T r i t u r a t i o n  o f  t h e  o i l  w i t h  i c e - c o l d  0 .5N  h y d r o c h l o r i c  a c i d  
(5  m l) gave a n  o f f - w h i t e  s o l i d  w h ich  was c r y s t a l l i z e d  f rom  w a te r  
t o  a f f o r d  N - ( 2 , 2 - d i m e t h o x y e t h y l ) - 6 - h y d r o x y - 7 - n i © t h o x y - 3 - ( 3 ,4 -  
m e th y le n e  d io x y p h e n y l  ) - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  h y d r o c h l o r i d e  
(4 0 6 ;  R=H, R^sOH) ( 0 .4 0 2  g . , 67% ), m .p .  2 0 4 - 2 0 7 ° ,  m ixed  m .p . ,  w i th  
sam p le  o b t a i n e d  by c h r o m a to g r a p h ic  s e p a r a t i o n ,  2 0 4 - 2 0 7 ° .  B o th  
NMR a n d  IR s p e c t r a  w ere  s u p e r im p o s a b le  w i t h  t h o s e  o f  s am p le  
o b t a i n e d  by c h ro m a to g ra p h y  (F o u n d :  C, 5 8 . 2 ;  H, 6 . 2 ;  N, 3 . 2 .
C a l c d .  f o r  Cg^H^^NOg. HCl. -Jh^O C, 5 8 . 3 ;  H, 6 . 1 ;  N, 3 .2 % ) .
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N - ( 2 , 2 - D im e t h o x y e th y l ) - 7  « 8 - d i m e t h o x y - 3 - ( 3 , 4—m e th y le n e d io x y p h e n y l ) -  
1 * 2 ,3 $ 4 - t e t r a h y d r o i s o q u i n o l i n e  (4 0 6 ;  R=OMe, R ^ sH ).
A s o l u t i o n  o f  N - ( 2 , 2 -d im e th o x y e  t h y l ) - 8 - h y d ro x y -7 -m e t h o x y - 3 -  
( 3 « 4 - m e th y le n e  d i o x y p h e n y l ) - 1 , 2 , 3 , 4 - t e  t r a h y d r o  i s o q u i n o l i n e  
(4o6 ;  R=OH, R^=H) ( 0 .6 7 9  g . * 1 . 7 5  mmol) i n  e t h e r  (100 m l) was 
a d d e d  t o  a  s o l u t i o n  o f  d ia z o m e th a n e  (<^ 3 g . )  i n  e t h e r  (1 2 0  ml) 
and  t h e  s o l u t i o n  was s t o o d  f o r  3 d a y s  a t  room t e m p e r a t u r e .  The 
s o l u t i o n  was c o n c e n t r a t e d  t o  -J v o lu m e ,  w ashed  w i t h  w a te r  (2 0  ml) 
an d  e x t r a c t e d  w i t h  IN sod ium  h y d r o x id e  (2 x  20 m l ) ,  t h e n  w i t h  
w a te r  (20 m l ) .  The com bined  a q u e o u s  e x t r a c t s  w ere t r e a t e d  w i th  
g a s e o u s  c a r b o n  d i o x i d e  t o  o b t a i n  a  m i lk y  s u s p e n s i o n ,  w h ic h  was 
e x t r a c t e d  w i t h  d i c h lo r o m e t h a n e  (3  x  20 m l ) .  The com bined  o r g a n i c  
e x t r a c t s  w ere w ashed  w i t h  w a te r  (2 0  m l ) ,  b r i n e  (2 0  m l ) ,  d r i e d  
(MgSO^^) an d  e v a p o r a t e d  t o  d r y n e s s  t o  r e c o v e r  (4o6 ;  R=OH, R^=H)
( 0 .2 7 3  g . f  39% ). The e t h e r e a l  s o l u t i o n  was i c e - c o o l e d  a n d  
e x t r a c t e d  w i t h  i c e - c o l d  IN h y d r o c h l o r i c  a c i d  (3  x 12 m l) an d  th e  
com bined  a q u e o u s  a c i d  e x t r a c t s  w ere  b a s i f i e d  w i th  a q u e o u s  ammonia 
(d  0 . 8 8 )  an d  e x t r a c t e d  w i th  d ic h lo r o m e t h a n e  (3  x  20 m l ) .  The 
com bined  o r g a n i c  e x t r a c t s  w ere  w ashed  w i t h  w a te r  (20  m l ) ,  b r i n e  
(20  m l ) ,  d r i e d  (MgSO^^), a n d  e v a p o r a t e d  t o  d r y n e s s  t o  a f f o r d  a n  o i l  
( 0 .3 8 4  g . ) .  The o i l  was e x t r a c t e d  w i t h  h o t  c y c lo h e x a n e  a n d  
d e c a n t e d  from  a  t r a c e  o f  d a r k  r e d - b r o w n  t a r .  The c o o l e d  c y c lo h e x a n e  
s o l u t i o n  was t r e a t e d  w i t h  h y d ro g e n  c h l o r i d e  g a s  t h e n  d e g a s s e d  
w i th  n i t r o g e n  a n d  f i l t e r e d .  The r e s i d u e  was w ashed  w i t h  d r y  e t h e r  
an d  c r y s t a l l i z e d  from  w a te r  t o  o b t a i n  2 - ( 2 , 2 - d i m e t h o x y e t h y l ) - 7 * 8 -  
d i m e t h o x y - 3 - ( 3*4 - m e t h y l e n e d i o x y p h e n y l ) - 1 , 2 , 3 * 4 - t e t r a h y d r o i s o ­
q u i n o l i n e  h y d r o c h l o r i d e  (4 o 6 ;  R=OMe, R^=H) ( 0 .3 4 7  g . , 43% c o n v e r s i o n .
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74% y i e l d ) ,  m .p .  1 5 0 - 152° ,  A ( n m )  ( t )  (EtOH) 205 ( 6 2 , 0 0 0 ) ,max
289 ( 1 0 , 5 0 0 ) , 'X  ^ .^ ^ 2 5 7  ( 1 5 0 ) .  ( 1 0 . 9 0 0 ) ;
( c m .“ ^ )  (CHBr^) 283O (OCH^), 280O ( w ) , 2 3 0 0 -2 0 0 0  (NH"^), 9^0
(OCH 0 ) ;  NMR ( f r e e  b a s e )  (CDCl ) 2 .4 8  a n d  2 . 6 ?  (2H, d o u b l e t s ,
; I ^  I
J  = 3 Hz; -NCHgCH-); 2 .9 8  (2H, b r o a d  d ,  7 Hz; ArCH^CHAr);
3 .2 8  (3H, s ;  -CH-OCH ) ;  3 .3 2  (3H, s ;  CHOCH ) ;  3 . 4 3 - 4 . 0  (2H , m;
I ^  ^ 1 1
ArCH N - ) ;  3 .8 6  ( 6H, s ,  2 x  Ar-OCH ) ;  4 . 1 - 4 . 7  (2H , m; Ar-CH-N-
I ^
a n d  CH^-CH-OCH^); 3 .9 3  (2H, s ;  -O C g^O -); 6 . 6 - 7 . 0  (3H, m; a r o m a t i c s )
(F o u n d :  C, 3 9 . 0 ;  H, 6 . 3 ;  N, 3 . 1 .  ^22^28^^^^6*^® 2^ r e q u i r e s
C, 3 9 . 1 ;  H, 6 . 3 ;  N, 3 .1 % ) .
S i m i l a r l y  was p r e p a r e d : -
N - ( 2 , 2 - D im e t h o x y e th y l ) - 6 , 7 - d i m e t h o x y - 3 - (3  * 4 - m e th y le n e  d io x y p h e n y l ) -
1 * 2 , 3 * 4 - t e t r a h y d r o i s o q u i n o l i n e  h y d r o c h l o r i d e  (4 0 6 ;  R=H, R^=OMe) ,
81% c o n v e r s i o n ,  92% y i e l d ,  m .p .  1 3 9 - l 60°  ( a q u e o u s  n - p r o p a n o l ) ,
^  _  (nm) (C) (EtOH) 206 ( 6 1 , 3 0 0 ) ,  290 ( 1 0 , 0 0 0 ) ,  237 ( 0 ) ,uisjc • nun  #
^ j ^ f l e x .2 3 3  ( 1 0 , 0 0 0 ) ;  V  ^ ^ ^ ( c m . “ ^ )  (CHBr^) 283O (OCH^) 2790 (w ) ,
2 3 0 0 -2 0 0 0  (NH*^), 940 (OCHgO); NMR ( f r e e  b a s e )  (CDCl ) 2 . 4 4  a n d
I )
2 .6 2  (2H , d o u b l e t s ,  J  = 3 .5  Hz; -N -C H .-C H -) ;  2 . 9 4  (2H, b r o a d  d ,
I i I
7 Hz; ArCH^CHAr); 3 .2 6  (3H, s ;  -CHOCH^); 3 .3 1  (3H , s ;  -CHOCH^);
3 . 5 - 3 . 9  (2H, m ;  A r-C H ^ -N -) ;  3 . 9 3  ( 6h ,  s ;  2 x  Ar-OCH^); 3 . 9 5 - 4 . 3 0  
I  I ^
( IH ,  m; ArCH-CHg-); 4 .4 9  ( IH ,  t ,  J  = 3 Hz; CH^CH-OCH^); 3 . 9 3  (2H,
s ;  -OCHgO-) ;  6 . 6O (2H, b r o a d  s ;  C^-H and  C g -H ) ; 6 .7 0  (2H, b r o a d  s ;
C^’ -H an d  C^.V-H) ; 6 .8 1  ( IH ,  m;  Cg^-H) (F o u n d :  C, 3 7 . 0 ;  H, 6 . 7 ;
N, 3 . 0 .  C22H2 .7NOg.HCl. l^HgO r e q u i r e s  C, 3 6 . 8 ; H, 6 . 7 ;  N, 3 .0 % ) .
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T e t r a h y d r o b e r b e r a s t i n e  h y d r o c h l o r i d e  (4o8).
N -( 2 , 2 - D im e t h o x y e th y l ) - 7 , 8 - d i m e t h o x y - 3 - (3  * 4 - m e t h y le n e d io x y ­
p h e n y l  ) - l  , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (4o6; R=OMe, R^=H)
(2 0 3  m g . , 0 .4 5 4  mmol) was d i s s o l v e d  i n  6n h y d r o c h l o r i c  a c i d  (5  ml) 
an d  k e p t  a t  32 °  f o r  18  h o u r s .  The m i x tu r e  was f i l t e r e d  a n d  t h e  
r e s i d u e  was w ashed  w i t h  w a te r  (2  x  2 m l) an d  d r i e d  t o  a f f o r d  
t e t r a h y d r o b e r b e r a s t i n e  h y d r o c h l o r i d e  (4o8) (1 2 7  m g . , 71%) a s  an  
o f f - w h i t e  s o l i d ,  m .p .  2 0 2 - 2 0 3 ° ,  9 \  (nm) ( C )  (EtOH) 205 ( 6 2 , 6 0 0 ) ,max.
287 (5,700).C\^.^ 260 (1,640), 251 (15,500);
( c m .“ ^ )  (CHBr^) 3550 ( b r o a d ,  OH), 285O (OCH^), 278O (w ) ,  2 9 0 0 -2 7 0 0  
(m, NH"^), 945  (OCH^O); NMR (DMSO-d^) 2 . 9 - 4 . 0  ( 8h ,  m; -NH, -OH,
CHg a t  C -6 , CH^ a t  C -8 , CH^ a t  C - I 3 ) ;  3 .7 9  (3H , s ;  ArOCH^); 3 .8 0  
(3H, s ;  ArOCH^); 4 . 4 - 4 . 9  (2H, m; C^-H a n d  - H ) ; 6 .0 2  (2H , s ;  
-OCH^O-); 6 . 9 - 7 .1 5  ( 4 h ,  m; a r o m a t i c s )  (F o u n d :  C, 6 l . 2 ;  H, 5 . 8 ;
N, 3 . 4 .  G2qH2^N0^.HC1 .  r e q u i r e s  G, 6 1 . 3 ;  H, 5 . 7 ;  N, 3 .6 % ) .
5 - E t h o x y - 8 , 9 - d im e th o x y - 2 , 3 - m e t h y l e n e d i o x y b e r b i n e  ( 4 1 2 ) .
N - ( 2 , 2-Dime th o x y e  t h y l ) - 7 , 8 -d im e  t h o x y - 3 - ( 3 , 4-me t h y l e n e  d io x y ­
p h e n y l ) - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  h y d r o c h l o r i d e  (4o6; R=OMe, 
R^=H) (2 0 3  m g . , 0 .4 5 4  mmol) was d i s s o l v e d  i n  e t h a n o l  ( 7 . 0  m l) a n d  
1% h y d r o c h l o r i c  a c i d  ( 7 . 0  m l) a n d  k e p t  a t  38 °  f o r  12  h o u r s ,  t h e n
a t  21 °  f o r  10 h o u r s .  The m i x tu r e  was e v a p o r a t e d  t o  n e a r  d r y n e s s  
a t  ^ 4 0 ° ,  an d  2N sod ium  h y d r o x id e  was a d d e d  a n d  e x t r a c t e d  
r e p e a t e d l y  w i t h  c h l o r o f o r m .  The com bined  e x t r a c t s  (5 0  m l)  w ere 
w ashed  w i t h  w a te r  (2  x  20 m l ) ,  d r i e d  (MgSO^) a n d  e v a p o r a t e d  t o  
d r y n e s s  t o  o b t a i n  a  b u f f  gum ( I 70  m g) .  T h i s  gum was s e p a r a t e d  i n t o  
3 co m p o n en ts  by PLC ( a lu m in a ,  M erck) w i t h  3 e l u t i o n s  u s i n g  40% 
c h l o r o f o r m  i n  p e t r o l  ( 6 0 - 8 0 ° ) .  F r a c t i o n  A ,(R ^  0 . 7 5 ,  a l u m in a .
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c h l o r o f o r m )  (8 4  mg) was d i s s o l v e d  i n  c y c l o h e x a n e ,  t r e a t e d  w i t h  
g a s e o u s  h y d ro g e n  c h l o r i d e ,  ‘ d e g a s se d *  w i t h  n i t r o g e n ,  f i l t e r e d ,  
d r i e d ,  a n d  c r y s t a l l i z e d  from  w a t e r  t o  a f f o r d  5 -©t h o x y - 8 , 9 -d im ethoxy*
2 . 5 - r o e th y l e n e d i o x y b e r b in e  h y d r o c h l o r i d e  (4 1 2 )  ( 6 l  m g . ,  52%) a s  
a  b u f f  s o l i d ,  m .p .  l 8 0 - l 8 2 ° ,  ( c m .“ ^ )  (C H B r^), n o t h i n g  i n  
r a n g e  3 0 0 0 -4 0 0 0 ;  NMR (GDCl^) 1 .2 1  (3H, t ,  J  = 7 Hz; -OGH^CH^);
2 . 5 - 4 . 0  ( 6H, m; CH^ a t  G -6 , CH^ a t  G -8 , CH^ a t  G - I 3 ) ;  3 . 6 4  (2H, 
q ,  J  = 7 Hz; -OCHgGH^); 4 . 1 - 4 . 4  (2H , m; G^-H a n d  G ^^^-H );  5 .9 2  
(2H , s ;  -OGH^O-) ;  6 . 6 - 7 . 0  ( 4 h ,  m; a r o m a t i c s )  (F o u n d : G, 5 9 . 9 ;
H, 6 . 2 .  CggHg^NO^.HGl.H^O r e q u i r e s  G, 6 0 . 3 ;  H, 6 .4 % ) .
F r a c t i o n s  B (R^ 0 . 3 3 )  an d  G (R^ 0 . 1 9 ) ,  m u t u a l l y  c o n t a m in a t e d  
(b y  TLG) w ere  a p p a r e n t l y  s a m p le s  o f  t e t r a h y d r o b e r b e r a s t i n e .  IR 
s p e c t r a  (GHBr^) w ere  i d e n t i c a l  e x c e p t  f o r  B, 3250 cm ."^  ( b r o a d ,  
w eak) an d  3560 (m, sheurp) ; f o r  G, 3250 ( b r o a d ,  s t r o n g )  a n d  
3560  (w eak ,  s h a r p ) .
B e r b e r a s t i n e  I o d i d e  ( 4 1 3 ) .
A b o i l i n g  s o l u t i o n  o f  t e t r a h y d r o b e r b e r a s t i n e  h y d r o c h l o r i d e  
(4 o 8 )  (100  m g . , 0 .2 5 5  mmol) a n d  p o ta s s iu m  a c e t a t e  ( 3OO m g . , 3 mmol) 
i n  h o t  e t h a n o l  (3  m l) was t r e a t e d  w i t h  a  s o l u t i o n  o f  i o d i n e  
(1 8 0  m g . , 0 .7 1  mmol) i n  e t h a n o l  by d ro p w is e  a d d i t i o n  o v e r  10  
m i n u t e s ,  w i t h  im m e d ia te  p r e c i p i t a t i o n  o f  a  y e l lo w  s o l i d .  A f t e r  
b o i l i n g  f o r  a  f u r t h e r  10  m in u te s  t h e  m i x tu r e  was c o o l e d ,  f i l t e r e d ,  
a n d  t h e  r e s i d u e  was w ashed  w i t h  e t h a n o l  (2  x  1 m l ) , w a te r  (2  ml) 
an d  d r i e d  t o  o b t a i n  b e r b e r a s t i n e  i o d i d e  ( 4 l 3 )  (9 7  m g . , 80%) a s  
a  y e l lo w  s o l i d ,  m .p .  “V  3 0 0 ° ,  ^  (nm) ( l o g & )  (H_0) 228 ( 4 . 6 l ) ,
" TIicUC # ^
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265 ( 4 . 4 1 ) ,  345 ( 4 . 3 7 ) ,  4 .2 6  ( 3 . 7 1 ) ,  211  ( 4 . 3 3 ) ,  251 ( 4 . 2 8 ) ,
304  ( 3 . 8 4 ) ,  376 ( 3 . 4 6 ) , 0 \  ^^^^^^^273 ( 3 . 3 6 ) [ l i t . ^  ( l o g ^ )
(HjO) 228  ( 4 . 6 3 ) ,  265  ( 4 . 4 1 ) ,  344  ( 4 . 3 5 ) ,  424  ( 3 . 7 7 ) ,  C \^j^j^^2 1 2 , 
2 5 0 ,  3 0 2 . 5 , 377]  5 '^ ^ m a x /K B r)  3240 ( s t r o n g ,  OH), I 66O - I 62O 
(C = S ^  ) r  s p e c t r u m  o f  s y n t h e t i c  (4 1 3 )  v e r y  s i m i l a r  t o  t h a t  
p u b l i s h e d  f o r  ( 4 1 3 ) 1 ;  NME (1 0 0  MHz) (DMSO-d^); 4 .0 8  (3H, s ;
Cg-OCH ) ;  4 .1 2  (3H, s ;  C^^-OCH ) ;  4 . 7 - 5 . 3  (3H , m; C -H a n d  CH^ 
a t  C - 6 ) ;  5 * 9 5 - 6 .0 5  ( IH ,  m, rem oved  on d e u t e r a t i o n ;  -OH); 6 .2 0  
(2H, s ;  -OCHgO-); 7 .1 6  ( IH ,  s ;  C ^ -H ); 7 .8 3  ( IH ,  s ;  C ^ -H );  8 .0 2  
( IH ,  d ,  J = 9 Hz; C ^ ^ -H ) ; 8 .2 4  ( IH ,  d ,  J = 9 Hz; ; 9 .0 1
( IH ,  s ;  C g-H ); 9 .9 8  ( IH ,  s ;  C^^-H) (F o u n d ; C, 5 0 . 4 ;  H, 3 . 7 ;
N, 2 . 8 .  C^QH^glNO^ r e q u i r e s  C, 5 0 . 1 ;  H, 3 . 8 ;  N, 2 .9 % ) .
10*1 1 - D im e t h o x y - 5 - h y d r o x y - 2 ,3 - m e th y le n e d io x y b e r b in e  h y d r o c h l o r i d e
( 4 0 7 ) .
N - ( 2 , 2 - D im e t h o x y e th y l ) - 6 , 7 - d i m e t h o x y - 3 - ( 3 , 4 - m e t h y le n e d io x y ­
p h e n y l )  - 1 , 2 ,  3 ,  4 -  t e  t r a h y  d ro  i s o  q u i n o l i n e  h y d r o c h l o r i d e  (4 0 6 ;  R=H, 
R^=OMe) (3 1 9  m g . , 0 .6 8  mmol) was ad d e d  t o  6N h y d r o c h l o r i c  a c i d  
(8  m l) an d  t h e  s u s p e n s i o n  was s t i r r e d  a t  21 °  f o r  I 8 h o u r s .  The 
m i x tu r e  was f i l t e r e d  an d  th e  r e s i d u e  was w ashed  w i th  w a te r  
(3  X 2 ml) an d  d r i e d  t o  a f f o r d  1 0 , 1 1 - d im e t h o x y - 5 - h y d r o x y - 2 , 3 -  
m e th y le n e d io x y b e r b in e  h y d r o c h l o r i d e  (4 0 7 )  (1 4 9  m g . , 56%) a s  a  p a l e  
b u f f  s o l i d ,  m .p .  1 9 1 -1 9 3 °  ( l i t . ^ ^  m .p .  1 8 8 -1 9 0 ° )  m ixed  m .p .  
190 - 1 9 2 °  (F o u n d : 0 ,  6 0 . 4 ;  H, 6 . 3 ;  N, 3 . 4 .  C a l c d .  f o r
C2oH2i NO^.HC1.H20. C, 6 0 . 3 ;  H, 6 . 4 ;  N, 3 .3 % ) .
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M ethy l [ 7 , 8 -d im e th o x y -2 -m e t h y l - 3 - (3 * 4—m e th y le n e d io x y p h e n y l ) -  
1 *2 , 3 * 4 - t e t r a h y d r o i 8 o q u i n o l - 4 - y ] ]  a c e t a t e  h y d r o c h l o r i d e  (4 2 2 ;  RsM e).
G ly o x y l i c  a c i d  m o n o h y d ra te  ( 3 . 8O g . , 4 l  mmol) was a d d e d  t o  a  
s o l u t i o n  o f  N - m e th y l - N - ( 2 ,3 - d im e th o x y b e n z y l ) - 0 « r a m in o - ( 3 ,4 -  
m e t h y le n e d io x y p h e n y l a c e t a ld e h y d e  d im e th y l  a c e t a l  (3 6 4 )  ( I .8 0  g . ,
4 .6 5  mmol) i n  36% h y d r o c h l o r i c  a c i d  (5 0  m l) a n d  th e  r e s u l t a n t  
s o l u t i o n  was h e a t e d  on a  s te a m  b a t h  f o r  1 .8  h o u r s ,  t h e n  e v a p o r a t e d  
t o  n e a r  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  i s o p r o p a n o l  (50  ml) 
a n d  t h e  s o l u t i o n  was e v a p o r a t e d  t o  n e a r  d r y n e s s .  T h i s  was r e p e a t e d  
w i th  f u r t h e r  i s o p r o p a n o l  (5 0  m l) a n d  th e  r e s i d u e  was s h a k e n  w i t h  
2N ammonia s o l u t i o n  an d  c a r b o n  t e t r a c h l o r i d e  (5 0  m l ) .  The a q u e o u s  
p h a s e  was e x t r a c t e d  w i t h  f u r t h e r  c a r b o n  t e t r a c h l o r i d e  (2  x  50  m l ) ,  
t h e n  t h e  a q u e o u s  s o l u t i o n  was e v a p o r a t e d  t o  n e a r  d r y n e s s .  The 
r e s i d u e  was d i s s o l v e d  i n  e t h a n o l  (1 0 0  m l) a n d  sod ium  b o r o h y d r id e  
( 4 . 0  g . )  was a d d e d  t o  t h e  s t i r r e d  s o l u t i o n .  A f t e r  I 8 h o u r s  
a t  21° ,  t h e  m i x tu r e  was e v a p o r a t e d  t o  n e a r  d r y n e s s  a n d  t h e  r e s i d u e  
was s h a k e n  w i th  w a te r  (100  m l) an d  25% c h l o r o f o r m  i n  c a r b o n  
t e t r a c h l o r i d e  (2 0  m l ) .  The m i x tu r e  w as f i l t e r e d  an d  th e  a q u e o u s  
p h a s e  was e x t r a c t e d  w i t h  a  f u r t h e r  p o r t i o n  o f  25% c h l o r o f o r m  i n  
c a r b o n  t e t r a c h l o r i d e  (20  m l ) .  The a q u e o u s  s o l u t i o n  was e v a p o r a t e d  
t o  n e a r  d r y n e s s  w i t h  t h e  a i d  o f  i s o p r o p a n o l  (3  x  50  m l) a n d  t h e  
r e s i d u e  was d i s s o l v e d  i n  2N h y d r o c h l o r i c  a c i d  (2 0  m l) an d  c h l o r o f o r m  
(20  m l ) .  The a q u e o u s  p h a s e  was e x t r a c t e d  w i t h  c h l o r o f o r m  
(8  X 20 ml) an d  t h e  com bined  c h l o r o f o r m  e x t r a c t s  w ere d r i e d  (Na^SO^^) 
an d  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  e t h a n o l  
(20  m l) a n d  t r e a t e d  w i t h  d ia z o m e th a n e  ( c a .  3 g . )  i n  e t h e r  (150  m l ) .  
A f t e r  20 m i n u te s ,  n i t r o g e n  was b u b b le d  th r o u g h  th e  s o l u t i o n  f o r  
1 h o u r ,  t h e n  th e  s o l u t i o n  was d e c a n t e d  from  a  s m a l l  am ount o f  o i l .
158.
w ashed  w i t h  s a t u r a t e d  sod ium  c a r b o n a t e  s o l u t i o n ,  a n d  e x t r a c t e d  
w i t h  2N s u l p h u r i c  a c i d  (3  x 40 m l ) .  The co m b in ed  a c i d  e x t r a c t s  
w ere  b a s i f i e d  w i t h  a q u e o u s  ammonia (d  0 . 8 8 )  a n d  e x t r a c t e d  w i t h  
e t h e r  (8 0  m l,  3 x  40 m l ) .  The com bined  e t h e r e a l  e x t r a c t s  w ere 
w ashed  w i t h  b r i n e  (2  x  40 m l ) ,  d r i e d  (Na^SO^^), a n d  e v a p o r a t e d  t o  
d r y n e s s  t o  a f f o r d  (4 2 2 ;  R=Me) ( 0 .3 8 8  g . , 19%) a s  a  y e l lo w  gum. 
The gum was d i s s o l v e d  i n  c y c lo h e x a n e  an d  h y d ro g e n  c h l o r i d e  g a s  
was p a s s e d ,  t h e n  t h e  m i x tu r e  was p u r g e d  w i t h  n i t r o g e n ,  f i l t e r e d ,  
a n d  t h e  p a l e  g r e y  s o l i d  was w ashed  w i th  p e t r o l  ( 4 0 - 6 0 ° )  a n d  
d r i e d  t o  g iv e  m e th y l  7 , 8 - d i m e t h o x y - 2 - m e t h y l - 3 - ( 3 * 4 - m e t h y l e n e -  
d i o x y p h e n y l ) - 1 , 2 , 3  * 4 - t e t r a h y d r o  i s o  q u i n o l - 4 - y l  a c e t a t e  
h y d r o c h l o r i d e  (4 2 2 ;  R=Me) , ( 0 . 4 l 5  g . , 19% ), m .p .  1 2 6 ° ,
(nm) (C) (EtOH) 206 ( 3 8 , 7 0 0 ) ,  233 ( 1 2 , 1 0 0 ) ,  28?  ( 3 , 5 5 0 ) ,
229 ( 1 1 , 8 0 0 ) ,  262 ( 2 , 1 3 0 ) ; V  m a x .^ ° “ *~^^ ( f r e e  b a s e )  (CHBr^)
2830  (OMe) 2790  (w ) ,  1730  (CO^Ne) 935 (OCH^O); NMR (CDCl^)
( f r e e  b a s e )  2 .2 3  (15% o f  3H, s ;  -N -C H ^); 2 .3 2  ( 85% o f  3H, s ;
I
-N -C H ^); 2 .5 6  (2H, b r o a d ,  d ,  7 Hz; -CH^CO^CH^); 3 .5 5  (3H, s ;  
-CO^CH^); 3 . 8 4  ( 6h ,  6 ,  2 X Ar-OCH^); 3 . 4 - 4 . 2  ( 4 h ,  m; C^-H, C^-H, 
A rC H ^-N -); 5 .8 8  (2H , s ;  -OCH^O-); 6 . 5 - 7 . 2  (5H , m; a r o m a t i c s )  
(F o u n d :  C, 6 0 . 5 ;  H, 6 . 0 ;  N, 3 . 4 .  ^ 2 2 ^ 2 5 ^ ^ 6 * ^ ^ ^  r e q u i r e s
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